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ROLLING MILL INSTRUMENTATION: Reversing motor controls, automatic screwdown and sheet gage control, etc. 


Courtesy Jones & Laughlin Steel Corporation 
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RESPONSIVENESS CHART 








INSTRUMENT 


TIME TAKEN TO COVER 
EQUAL PORTION OF CHART SCALE 


PER CENT 
DIFFERENCE 





FOXBORO 


RECORDING THERMOMETER 


15 SECONDS 


100% 





RECORDING 
THERMOMETER 
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47% 
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OTH horses are fast. The divisions 

on an ordinary stop watch are not 
fine enough to clock the 1/100th of a 
second between them. Yet one horse 
wins by a nose and earns the prize 
money. Which horse would you put 
your money on? 
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The response of a good Record- 
ing Thermometer is fast. But, 
like race horses, all makes of 
Thermometers do not respond 


alike. 


Five Recording Vapor Pressure 
Type Thermometers of different 
manufacture were recently tested 
for responsiveness. The above 
chart shows the results of this 
test—the time taken for each in- 
strument to cover the same por- 
tion of its chart scale. 


All instruments were compar- 
able as to chart range, size of 
bulb, filling medium, connecting 
tubing, etc. Each instrument was 
tested under identical conditions. 


The nearest competitor took 
over twice as long to respond as 

















did the Foxboro Thermometer. 
Yet all of these instruments wer 
good thermometers. 


Responsiveness (like accuracy, 
durability and simplicity) is one 
of the important characteristics 
of a Foxboro Recording Ther. 
mometer. Here is an instrument 
that is built to give good servic: 
for twenty years and more, for 
engineers who insist on putting 
their money on a winn 


The Foxboro Compan) 
46 Neponset Ave 
Foxboro, Mass. S.A 


Branches in 20 Principa 


FOXBORO 


REG. U. S. PAT. OFF. 


THE COMPASS OF INDUSTRY 
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COMPARE THE NEW FOXBORO RECORDING THERMOMETER 
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Largest Camera 


relies on Bakelite Materials 


275-POUND, ten-lens compound 
A aerial camera has recently 
peen developed by the Fairehild 
\erial Camera Company of Wood- 
ide, Long Island. Capable of photo- 
craphing 760 square miles of 
territory at a single exposure, it 
represents a major contribution to 
topographic science as the first prac- 
tical means of charting vast unmap- 
ped sections of the earth’s surface. 
In the assembly of this intricate 
precision instrument, parts formed 
from Bakelite Materials are relied 
upon to perform numerous func- 


ly 
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Some of the Bakelite Molded and Lami- 
nated parts used in the Fairchild Camera. 


BAKELITE CORPORATION. 247 Park Avenue, New York, N.Y..........c00. 
SAR ADA, LIMITED, 163 Dufferin 


BAKELITE CORPORATION OF 


tions of high responsibility. Because 
of their unusual combination of 
strength, durability, electrical in- 
sulation, ease and accuracy of form- 
ing, and high resistance to oil and 
moisture, Bakelite Molded and 
Bakelite Laminated were selected 
for the making of shutter bus bar 
housings; lamp socket plates; oper- 
ating switch insulators; transformer, 
condenser and relay terminal panels: 
and other vital parts. 


Today a steadily increasing vari- 





ety of scientific instruments and 
other products are employing 
sSakelite Materials to meet similar 
needs for greater versatility and 
dependability. Manufacturers of in- 
struments and other precision prod 
ucts can benefit from a thorough 
understanding of the properties and 
characteristics of these improved 
modern materials. Write for our 
informative booklets 37M." Bakelite 
Molded” and 37L. “Bakelite Lam- 
inated” 

13 East Ohio Street. Chicago, III 


Street, Toronto, Ontario, Canad 
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MODERN TAYLOR RECORDING THERMOMETER. For applications within minus 100° | 


and plus 1000° F. Face- or flush-mounted cases. Dust-proot and moisture-proof. Ta) 


> ' 
Recording Pressure Gauges are similar in appearance. Interchangeable tube systems make 


conversion from Pressure Gauge to Recording Thermometer easy. 





-:-WITH TAYLOR RECORDING THERMOMETERS 
AND PRESSURE GAUGES 


HE modern Taylor Recording In- 

strument assures a more accurate 
record of temperature and pressure than 
was obtainable before. Its efficient and 
economical operation guards today’s 
profits against waste and high produc- 
tion costs. And it makes future processing 
a clearer picture in the light of past 
records. 

Taylor Recording Instruments are de- 
‘igned to meet the most exacting require- 
ments in the chemical industry. They 
are built to last longer. A simplified and 
refined mechanism, light in weight but 
sturdy and durable, and practically 
‘rictionless, instantaneously translates 
temperature or pressure into pen arm 
action 

The construction of Taylor Recording 


Instruments makes them adaptable to 
any temperature or pressure need. ‘Tem- 
perature Recorders, for example, are of 
three types— mercury-, gas-, and vapor- 
actuated. With the mercury-actuated 
type is available one of the most im- 
portant aids to accuracy ever developed. 
This is Taylor Accuratus Tubing, an 
exclusive, patented product that auto- 
matically compensates for all temper- 
ature differences surrounding the tubing 
between bulb and instrument. It assures 
a true bulb temperature record. It per- 
mits installations of the recorder at un- 
usual distances from the bulb. 

Write for Taylor Catalog 68J for fur- 
ther data on Temperature Recorders. 
Get Catalog 68JF for more information 
on Taylor Recording Pressure Gauges. 


For first-hand information on these and 
all other Taylor Instruments for con 
trolling temperature, pressure, rate ol 
flow or liquid level, ask a ‘I ay lor he pre 

sentative to come and discuss their app! 

cation with you. Address Taylor Instru 
ment Companies, Rochester, N. Y., o1 
Toronto, Canada. Manufacturers ih 
Great Britain—-Short & Mason, Ltd., 


London, England. 








indicating Recording Controlling 





TEMPERATURE, PRESSURE and 
FLOW INSTRUMENTS 
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Above left is an experimental 
sponge-rubber flywheel at rest. 
You can examine easily every 
detail. Perhaps you can even see 
that the spoke in the IL o'clock 
position is cut. What happens 
to this wheel when it revolves at 
1800 r.p.m.? To the unaided eye. 
the revolving flywheel is only a 
blur. Analysis is impossible. But to 
the bottom left is the same revolv- 
ing wheel under the new West- 
inghouse Type PSE-2 Stroboglow. 


Although the wheel is rotating 
rapidly (1800 r.p.m.), it appears 
motionless. Every effect of centrif- 
ugal force is shown accurately 


strains and stresses can be con- 
ducted easily, quickly, and ac- 


Flywheel rotating 1800 r.p.m. curately, 


This new stroboglow will “stop” 
any moving object having a peri- 
odic movement not exceeding 30,- 
000 cyeles per minute. A few of 
the many typical movements 


Analyzing the splash oil system of a 


Westinghouse Refrigerator 


— 
S 
1888 ——— 
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and clearly. Visual analysis of 


The complete PSE-2 Strobog! 
weighs only 55 pounds 
is housed in an easily-car 
case measuring just 26” by 
by 10”. It operates on any 
volt, 50 to 60-cycle circuit. | 
light intensity is about 300. 
candlepower, 















that ean be analyzed quickly an 
profitably with the new PS] 
are: rotational and impact vi 
bration, cam and eam roller action 
valve and valve spring mov 
ment, propeller vibrations, splash 
oil systems, and the sequence of 
practically any rapidly movin 
machinery. 


The PSE-2 Stroboglow sets a new 
high standard for this type of 
equipment. Light in weight and 
easily carried, it assures images 
of almost unbelievable sharpness 

so clear, distinct, and steady 
that photographs can be taken 
easily under its 300,000 candk 
power light—a light many times 
more intense than any previous 


stroboglow possessed, 


For detailed information. ask for 


R& 


Catalog Section 43-756, 
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DOUBLE-RANGE OHMMETER 


TEST UNIT 





TRIPLE-RANGE OHMMETER 


TEST UNIT 





UNIT 





For practically all testing of elec- 
trical apparatus 
the production line—a new West- 
inghouse Portable Test Unit 
do the job quicker, easier, and more 
than 


assembled or on 
can 


accurately 
device. 


any comparative 
Take as an example the multi-range 
Unit shown above. To use any one 
of its eleven ranges, you turn only 
the convenient range selector—there 
are no thumb screws to loosen and 
tighten—no resistors to hook up or 
take out of the circuit. 
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Test Units prov ide, in addition, 
. ages and currents. 
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METERS 













ALUAMp, 
VOLT 5 "5 





es 
ark NEW ® TEST UNITS 


All equipment for using 
any the 
ampere ranges, 
the 


houses 


accessory 
volt, or milli- 
d-c. is cone 
attractive Moldarta 


the Unit. 


one of ohm, 
a-C,. or 
tained in 
Pin 


case which 


jacks and leads with prod terminals 


provide the only connections necessary 
to the apparatus being tested, 
These 


Units 


Westing- 


have a 


Sustained Accuracy 
Portable Test 
new type of d’Arsonval movement 


house 
which assures an accuracy that can- 
not be deranged even under the most 
severe service conditions. 


For detailed information, ask for C. S. 


43-141, 
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Easily Adapted , 


Then Oz a = m 
Fully Automatic : Te galt! 


rate 


point 


set. 


The use of Graduated Dials for both ‘Throttling Range and Automatic Reset” in the in ae 
Brown AIR-o-LINE is a revolutionary development in air operated controllers. They THROTTLING RAN 


Grad 


provide a means for “tuning in’’ to your specific process requirements, simply and quickly, 
without dismantling the controller or interrupting its control operation. Operators are 
encouraged to secure ‘best possible,” not just ‘‘good enough,” control results, so apt 
to be present where adjustments are complicated and time-consuming. 


Brown AIR-o-LINE assures accurate measurement and precise control of temperatures, pressure, flow 
and liquid level—AI/R-o-LINE is set with the same simplicity as dialing a radio—once it is ‘tuned in” 
it becomes fully automatic. Brown A/R-o-LINE not only confines the process within limits but it ‘‘lines 
out" control at the exact desired control point, regardless of load or thruput changes. BROWN 


Brown AIR-o-LINE has everything you have wished for in air operated control—it “Recognizes,” COMMMOLLE 


‘Analyzes’ and “Corrects” for any departure from the exact control setting—without ‘‘Cycling,”’ 
“Drifting” or shifting of the control point. sero lm> 


Modernize your process control with this MODERN air operated instrument. Brown AlR-o-LINE is more 
than a controller—it's a system that will aid you to reduce costs—designed for outstanding performance 





with simplicity. 


Learn more about Brown AIR-o-LINE—you can rely on its accuracy—be confident of its dependability. 
Write for Catalog No. 8900. BROWN INSTRUMENTS, a division of Minneapolis-Honeywell 
Regulator Co., 4482 Wayne Avenue, Philadelphia. Offices in all principal cities. Canadian Factory, 
117 Peter Street, Toronto, Canada. 


BROWN AIR OPERATED CONTROLI 


OUTSTANDING PERFORMANCE WITH SIMPLICITY 








/ ie 


in all sizes, shapes, and 

: for all requirements. The 

WN AAS coupon will bring you full 
perated , . 


OLLER ‘Sy *, data... Weston Electri- 


cal Instrument Corpora- 


0 fim> 


tion, 582 Frelinghuysen 
penue, Newark, N. J. 


‘ 
‘ " " * 2 . 
" Weston Evectricar InstremMent Corporation 
, Send Bulletin o1 eston Instrument 


Name 
Address 


City and State 
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To You Who Read “Instruments” 


May We Say... 


That we hope to merit each month your interest in this page . . . on which we sh: 


try either to tell of a time-tested measuring principle reduced to practice, of th 
merit of a particular instrument construction, of the value of some specific applic 
tion, or merely to remind you of one or more members of our prolific family « pore 
instruments for research, teaching and testing, for power plant operation and fi 


industrial measurement and control. 


\s a possible aid to appraisal of basic values, may we remind you that the automat 
instruments which we offer in convenient, robust, plant models employ principles Nov, 26 
circuit designs and fundamental elements such as galvanometers, resistors, Capacitors 
and inductors which we have perfected during a third of a century of skilled and pei a ay 
sistent development and have proved thoroughly in a wide variety of research, teacl de 
ing and testing instruments ranging up to and including those of highest know: 


precision. 7 


We shall continue to endeavor to justify your confidence that Leeds & Northru oy 


statements are as near to truth as we know how to make them. 


rr 
N 
{- 







LEEDS & NORTHRUP COMPANY mn 
4955 STENTON AVENUE PHILADELPHIA, PA. , 


LEEDS & NORTHRUP 


MEASURING INSTRUMENTS, TELEMETERS, AUTOMATIC CONTROL‘ me The C 
HEAT-TREATING FURNACES Re 
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EDITORIAL COMMENT 








In This Issue 


ription: It was the Minneapolis- 


= 
f 


Honevwell Regulator Co. which de- 
ped ind built all the automatic pump 
ntrol devices so interestingly described 
Howard R. Green in this month’s 


ding article. 


Prediction: Anent the great advance 
time-study methods reported by Pro 
* Ford, a quotation from our Au 


t editorial may not be amiss: 


r opinion this [the work of Ford, Poy 
i] 1S only 1 beginning The tim 
in of the future will have | trat 
venty-pen or hundred-pen instru 
analytical records of all that 
when observing a task. Such record 
nstitute better ‘tman-and-machine” pro 
s than are now made so laboriously 


idequate Instrumentation. 


Clarification: John L. Hodgson dispels 


neertainties related to Reynolds Num 


Conjunction: The last system described 
this month's instalment of our elec 
ical instrument serial was patented 
Nov. 26—a few days ago—and the news 
me to us out of a clear sky in the nick 
‘time to make this issue. That’s the 
nth or tenth time a supernatural agency 
s made events happen just in time for 


schedule of chapters! 


Insulation: From two Belgian authors, 
rough the courtesy of H. T. Kohlhaas 
“Tel & Tel,’ came the article on 


hemical and electrical tests of insulating 


Illumination: R. R. Batcher reports 


his month what is known on how best 


to make visible the cathode-ray “spot.” 
He, by the way, is one of the workers in 


this very field. 


The Counter Reads [9 6 0 0| 


With this issue Instruments ends its 
eigl year. We thank those who have 
made us not only survive but grow; and 


extend to all our heartfelt good wishes. 


Automaticity Makes Jobs 


ESPITE the factual expositions of engineers, indus 

trialists and economists who know the wealth 

creating and wealth-distributing consequences of 
adopting cost-cutting devices, the anti-science, anti-ma 
chine, anti-progress agitation goes on and on. 

It is becoming plainer that more than one. selfish 
agitator is inflaming the rabble against labor-saving de 
vices (and against private ownership thereof) ino an 
attempt to become a dictator. Curious to know our ene 
mies’ tactics, we have listened to their broadcasts and read 
their printed manifestos, and find that no matter what 
panacea they lead up to, their common theme is the old 
hokum about a handful of plutocrats owning eight-tenths 
of all the means of production —-from farm lands, cattle 
ranches, forest and mines to all the various processing and 
fabricating industries; nine-tenths of the means of trans 
portation; and seven-tenths of the agencies of distribution 
Therefore the plutocrats adopt labor-saving machines and 
methods to create hordes of unemployed who scramble 
for scarcer jobs. Therefore: (1) turn over the Federal 
Reserve to a few hundred slick politicians elected by pop 
ular vote, or (2) give half our national income to the 
aged; or (3) grab all privately-owned land; or (4) steal 
the factories and railroads and chain stores from theii 
legitimate owners. 

Throughout these fulminations runs the thread of re 
sentment against technological progress: the would-be 
Hitlers claim that because we have emerged from the 
covered-wagon age it has become possible for a few 
plutocrats to own nearly everything and therefore we 
must kill, jail or otherwise dispose of the plutocrats, abol 
ish our form of government... and give supreme power 
to Mr. X or Doctor Y or Father Z who of course would 
somehow ‘distribute the wealth.” . . . Of course! 
Somehow! 

What the would-be dictators conceal is that “purchas 
ing power” is not absolute but relative. Automatic devices 
bring down the cost of cars and radios and gas and oil 
and electric energy and processed foods and good clothes 
and modern houses, thereby enormously widening the 
mi ~— and creating millions of new jobs. These jobs are 

“privately-owned” establishments. What of itr Undet 
communism or fascism there would be even fewer over- 
lords, exercising a far more despotic power without the 
possibility of tripartite governmental regulation. 

For proof that automaticity makes jobs by making pos 
sible mass production, look at the automobile industry: 
look at it as a whole; or look at Buick, Nash, ef al, which 
have recently ed aida slashed prices, widened mar 
kets and taken on thousands of new men. 


M. F. BEHAR 
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Automatic Control of Pumps 


Howard R. Green Co., Consulting Engineers, Cedar Rapids, Iowa 


Li. life depends for its existence on adequate 
water supply. Municipalities and industries by 
the thousands are served by electrically-operated 

pumping plants. Persistent demand for reduced pump 
operating costs has resulted in develop 
ment of highly efficient pumping equip 
ment, and since municipal and indus 
trial officials recognize that one of the 
major considerations is operating cost, 
they purchase equipment on the basis 
of etheie ney. 

Since pumping equipment must be in 
stalled for maximum demand and addi 
tional capacity allowance is generally 
made for future increase in demand, 
the equipment is usually operated at 


efliciencies much below maximum. This 





; offset by 
Me d ! 
ten he } 
By HOWARD R. GREEN g at full 
\ uto 
tion are used: (1) Operating the pumps con perates to 
throttled down to prevent overflowing thi givel Ww 
low consumption periods. (2) Where m oc tat a give 
proves inadequate due to large fluctuations eal two 8 
the pum) | ntro! ha 
ated to ‘ 1) J vat 
the larg , floa in 
and pun fallit w 
reduced love]. actus 
threatens til de 
Such rei rates 
capacity | Such a sys 
manually ve where ice 
the pump je surface of 
or manual be yst insta 
down the s 5 remote fre 
Automatic nvolved a 
where the ; tween the 


de fe ats the object which was expected 


when a premium for high efficiency was 


paid, 
Where a customary elevated tank is 
employed as part of the system, the : 


pumps are operated to maintain a pre 
determined level in the tank, within 
relatively narrow limits. 


pump at Goshen, 
Ind., Waterworks. 


METHODS OF PUMP OPERATION 


Below. 
In general, three methods of opera 


works. 
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Above. One of 


six control panels 


and a_ centrifugal 


General 
view of the Water- 


shut down netances 


cally wher pensive. 
maximum 

is reached 1 

matically 

a given low 

Method No. 1 can be used only wher 


mand is relatively constant. The pumps being 


quate to take care of excessive demands must th 
fore be throttled during normal operation. Sin 





pump is designed to give maximum efficien att. 

rated capacity, throttling it so as to red t TL 

capacity will reduce its efficiency. During winter ’ 
months when power peaks are higher and g 
water demand is low and the pump’s efficiency W 
due to excessive throttling, and operating cos! 
tionately highest. This method of operation is 
expensive from the standpoint of power costs. 

Method No. 2. Constant attendance and 1 

determining the stage of water level in the tank 
quired. While this method of operation results in lower 
power cost than Method No. 1, the saving in power cost 9) Pre 


2) 
actuated 
it the p 
pressure 
system | 
because 
system i 
adjusted 


The 
therefor 
head du 
running 
friction 
pressure 

pump 
veloped 
for a cl 
pressure 
the pum 





_ offset by cost of attendance. 
Met od No. 3 makes it possible to utilize to the fullest 
stent the maximum pump efficiency, the pumps operat 
, at full capacity and full efficiency. It should bx 
bs t that this method is most desirable. 
“An automatic pump control 
perates to start the pump at a 
yen low tank level and stop 
\, + at a given high level. In gen 
: ral two systems of automatic 
nitro! have been used: 
1) Float control system where 
, float in the tank, rising and 
falling with changing water 
level, actuates an electrical con 
q acting device which in turn 
erates the pump _ starter. 
Such a system can be used only 
where ice cannot form on the 
ia surface of the water. Since in 
bee nost instances the tank is quite 
remote from the pump, there is 
nyolved a long run of wire be 
tween the two which in most 
nstances is considered too ex 


<ome pensive. 


e Fig. 1 
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2) Pressure Switch Control System where a pressure 
ictuated instrument is connected to the pump discharge 
it the pump house and is influenced by the changes in 
pressure due to changes in water level in the tank. This 
system has been proven to be most practical not only 





because of lower first cost but because the entire control 
system is located where it can be readily inspected and 
adjusted. 

PRESSURE CONTROL SYSTEMS 


The normal pressure at the pump discharge and 
therefore at the pressure controller is equal to the static 
head due to water level in the tank when the pump is not 
running; it is equal to the static head plus the pumping 
friction head when the pump is running. Therefore the 
pressure-actuated controller must be set for a cut-in 
(pump starting) point equal to the static pressure de 
veloped at the low water level in the tank; it must be set 
for a cut-out (pump stopping) point equal to the static 
pressure at the high level plus the pumping friction since 


the pump is running. 


EFFECTS OF SURGES 


When the pump starts it must suddenly set in motion 
a large mass of water which lies in the mains; when it 





Close-up view of one of the control panels, 
oe en pp whereby starting and stopping of pumps is con- 
trolled automatically as level in elevated tank varies. 


stops this mass of water in motion suddenly stops. Surges 


are set up due to this sudden starting and stopping of 
the water. These surges result in excessively high pres 
sures followed by excessively low pressures at the pump 
discharge and hence at the controller. These extreme 
high and low pressure points 
ire far beyond the control 
settings. 

Unless means be provided to 
eliminate the effect of surges 
on the controller, the pump will 


cut in and out with every swing 


} 





in pressure due oO surges. 
Altho the pe riod of surge is 
ordinarily of only a few see 
inds’ duration, if the pump 
were caused to cut in and out 
it might tend to prolong the 
surge period and it can readily 
be appreciated that this action 
would be detrimental to the 
pumping equipment. 

Therefore to operate proper 
lv some means of eradicating 
the effect of surges on pressure 
control instruments must be 


pros ide d. 


ELIMINATING SURGE EFFECTS 


4 common method of elim 
inating surge effects on the 
pressure instrument consists of 
in-air cushion tank connected 


to the pump discharge by a 


h ay 

















Fig. 2 


small pipe containing a needle valve. The pressure in 
strument is mounted in the tank and the needle valve is 
closed down so that a minute orifice exists. The rapid 
changes in pressures due to surges are not readily trans 
mitted through the restricted orifice of the valve and the 
air cushion further retards the effect on the pressure 
controller. As long as the orifice does not become clogged 
and the air remains in the tank, this system gives fair 


(Continued on page 347) 


INSTRUMENTS 
Dec. 1935—Page 319 











A Direct-record Method of Time Si dy 2 


By ADELBERT FORD 


Professor of Psychology in Lehigh University 


IME-STUDY MEN in manufac turing plants pay 

ing employees on a piece-rate basis have custom 

arily used stop watches or continuous hundredth 
of-a-minute watches for determining the appropriate 
work rates before setting base wage scales. Usually one 
operation at a time can be recorded by these methods 
and the total picture of a job, usually known as a proc 
ess chart, must be pieced together by combining the 
werages of many records. When a given work procedure 
will be used for a long time, and when piece-rate pay 
ment is skilfully used, per 
capita output of employees 


has fre quent ly quadruple d 


dav-rate performance, re 
sulting mm mere ased wages 


for employees and lower la 
bor costs for the manufac 
turer, Such procedures must 
be so administered that the 
margin of saving’s will more 
than cover the cost of the 
time study mans activities 
The editor of Instruments, 
in his August 1935 editorial. 
summarized. the tvpical sit 
uation in the field of research 
on industrial time study: 

We have cost-analvzed every 
occupation in the modern 
plant except that of the 
time-study man himself, and 
he has gone on. with but 
small regard for the over 
head brought abou by the 





tive data. chart these data and apply the 
form of standards—this solution would h 
in all respects but those of time and exp 
minimum delay would have been such that 
would sometimes be presented when the 
discontinued; (2 the cost would have bi 
times too high even if the standards could 


immediately. 

Other substitutes for the stop watch, whi 
mercially available and therefore given s« 
eration, were 
of laboratory « 
and of industria 
recorders I 
showed that al] 
fields in whi h t 
excellent servic 
none met the r 
of the situation a 
lined. The re Wa 
new type of insti 
plicable in partic 
garment indust 
general to all s 
other short-time 
cupations. This 
large and diversi! 
was decided to 
tering of effort 
fect one design 
proved absolute] 
tory in the Eastet 
vania mills to whi 


visits were being 


use of instruments which result, as often 
were never designed origi Fig. 1. A recent model of the Ascholiagraph. seems to have a w 


nally for the task of motion 

analysis. The several excellent suggestions advanced by 
the editor of this journal, and by such men as Poppel 
reuter, in Germany, have, for the most part, remained 
unused in the practical field. It is believed that the fol 
lowing account of the present project in plants of textile 
organizations will indicate some of the possibilities. 

\ silk garment factory in Eastern Pennsylvania found 
that changes in women’s styles were so frequent that 
work analysis data became obsolete often in less than a 
week. It was decided to make time analyses of the in 
dividual items in a task, rather than in the completed 
commodity, as a basis for piece-rate determination. Sew 
ing lace was cost analy zed by the vard, allowance be ing 
made for scallops and other irregularities. Costs wer 
determined for sewing buttons. for threading elastic tape. 
for picoting edges, as individual work operations. When 
a new style of garment was received from the design de 
partment the total labor cost of that garment could be 
set merely by adding the standardized components of th 
task. This meant breaking up an occupation into shorter 
and smaller operations. Sometimes it meant timing the 
movements of the right and left hands separately. The 
times now became so short that stop watch notes wer 
inaccurate. The well-known human reaction time errors 
became more serious. 

To make motion pictures, analyze them for quantita 
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ability. It is the 
of (1) a new technique of time study and 
type of time recording instrument. 

The distinctive feature of the new techniqu 
time-study man, instead of timing as usual onl; 
of an occupation (or two, if he can really us 
watches at once) times a plurality of items sim 


lv—up to five. 


The distinctive feature of the new instrum 


arrangement of five keys or push-buttons whi 


pattern of the finger-tips of the normal adult's) 
The Ascholiagraph (from Greek roots, “pi 
occupation’) is essentially a manually-opera 
chart recorder. See Fig. 1. Each of the five 
depressed, brings a stylus point against a m 
of stvlographic (“wax-coated”’) paper and ma 
line whose length is proportional to the time 
depressed. In using the instrument the time s 
codes each finger with some phase of the 
studied. For instance, the thumb may stand 1 
rials layout’; the second finger may stand for 
the third finger may stand for “‘stitching’”’ 
may be depressed during the operation of 
scallop point’; and there still remains a key 
moval and stacking.’”” When no key at all is 
we have ‘‘waste time.’’ This makes six items. 
psychologist knows is the limit of the normal! 





stvlo 
1S th 


SSE d be Fr 


rs on 
m. The 
sible st 
vossible 
yrite no! 
ected ¢ 
pel roll 
110-volt 


Whose 


“17 
m led 


d ot 








out heavy amounts of automatization (meclhian- speed being 0.1 in. see. Obviously a roll will last oue 


y 11 formation). Each key is held down for the hour on the “fast” position, with a tape speed of 1 in. see. 
\ ration of the period of the work item specified. An) Up toa few weeks ago the only stylographie tape used 
~ of dy man will now recognize that a ready-made was “blank,” i.e., without printed time graduations. Vig 

~— chart” is rolling forth from the keys. 2 shows a portion of a typical record made in silk mills 


Several ascholiagraphs have been built. 
very beginning of their development 


ym 

» embodied the five-key finger-fitting idea 
ch makes possible a new instrumental 
ni of time study. Without light weight 
»{ small dimensions, however, a new type 


ndustrial motion study instrument would 
ni few logical applications. The earlier 





dels were designed and constructed some 
on the lines of conventional chrono a A 


ees wr of switchboard type multi pen strip 


















































































































































rt recorders. The results obtained with Fig. 2. Note that two simultaneous items were recorded in period a 
em were altogether satisfactory but the 
riter, realizing that they were still relatively heavy and time study. Since the tape was traveling at constant 
ky, declined the invitations repeatedly extended by speed when this record was made, it requires only the 
pat editor of Instruments to disclose his work. The latest superposition of a transparent celluloid scale to read off 
del, Fig. 1, is believed to approach the practicable the duration of any desired operation in the code. In out 
eal SO closely that its an work We used 1 Sé il Le | id 
uncement is no longer pre Table I. Illustrating time standards secured by the use uated in hundredths of a 
ture; its overall length is of the Ascholiagraph. Type of Occupation: Cutting cloth minute, in order to continu 
‘and it weighs 5 Ibs. for women’s undergarments. Equipment used: Rotary the standards which had 
In the “ily ai the instre power cutting knife. Material: Rayon. Operator No. 12. been started on the basis of 
nt is a 800-ft. roll of i Ld a watch with a minute dial 
le stvylographic paper Gia cngth Number ; DO peraiion thus graduated. The cellu 
‘ich is threaded under the fCut 7, : loid seale length for one 
stylus points, and then : h Lb - W.22 0.20 ‘) 1 minute on oa slow tapre 
issed between two rubber u ‘ 36 ii n ea 14 0 17 record) is 6” and this linear 
; llers on to the take up € * +i ts bgt M - Sebi > 17 interval is divided into 100 
“am. The paper passes over f-h 4 ] 1.0% 0,22 0.50 evraduations \ seale which 
sible stage (S) where it 5 " x : ; ie sodas ios en reads in seconds is one on 
s possible for the operator ~ He 8 rp ~ oe . + which each 6” interval has 
write notes concerning un k-h 63 . 0.59 0.28 04 60 equal divisions. ‘Thus the 
, spected events. The two a “ 75 “ ert re et tvpe of record shown in Fig 
hs bber rollers are driven by n h 7h 10 0.63 0 2 0.58 2 can be read either in hun 
; : 110-volt synchronous mo- ote ree $4. Gea ; heey 0 ae 0 5. sri 0 56 dredths of a minute or in 
whose speed is as con q-2 a - : : o et seconds, depending on whiel 
tant as the frequency of the s-h 0) 0 0.38 0.44 transparent scale is used. If 
mmercial a-c. supply. In . * ae ; Ape ait et the tape was traveling at 
irting, the motor must be h + 2 0.8 44 0.64 fast’ speed when the re 
n by hand by means of h 95 12 "9 04 0.47 ord was taken. the ultimat 
milled grip fastened to divisions of the two trans 
end of the motor shaft. parent seales then give d 
Inthe gear housing between the motor and the drive roll rect readings in thousandths of a minute. or in tent rf 
; rs is placed a special transmission and clutch system a second, respectively, 
erated by means of a protruding lever and knob at the In addition to “blank” tape, we are now ing also 
ide of the instrument. The point of this lever can be set printed tape, bearing time divisions as do the familiar 
strip charts of switchboard recorders. Vig. 3 
shows a portion ot ‘Al record taken a 8 ™ ipoe 
TTT PY mene ETT T ei printed in decimal graduations, representing 
\ i | | | | Pare | | | tenths (heavy lines) and hundredths of a 
eee ceee LJ | | : 
4] Bee Be | minute at slow speed, or hundredtl ind 
eI | | | | rrr thousandths at fast speed In factories 
4 where the hundredths-of-a-minute system 
| f : — standard, A record AS shown partly in | iy , 
| i 5 pas 3 . } -+ 
ay we. constitutes a. re acy LO-use process cenar 
a td As soon as records are made. the time 
e Fig. 3. Two simultaneous items recorded in period a; three at D. studv man identifies each bv writing on the 
tape the date. the operator s number, ete., in 
y cluding also when he does not use the ine 
tany one of three positions, “slow,” “stop,” or ‘‘fast,” code throughout his work) either the individual des 
uways without stopping the motor. When the lever is set nations of the five timed items or. simply, one letter or 
tthe “fast’’ position the tape is pulled under the writ number to designate the particular code used. ‘The re 
ig points ten times as rapidly as when it is set at the ords or “process charts” are not ends in themselves but 
sloy position. When the lever is set at the latter posi raw data from which comparisons are made, rates set, 
the 300-ft. tape roll will last ten hours, the tape (Continued on page 347 
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The Reynolds Number 


By JOHN L. HODGSON 


Egginton House, nr. Leighton Buzzard, Beds., England 


ON'TAINING seven contributions to the art and 

science of fluid metering, the August 1935 issue 

of Instruments is of permanent reference value. 
lor that reason, one of the oldest workers in the field 
(and one who is quoted by several contributors ) deems it 
worth while to clear up several points in that issue. 


The use of the Reynolds Number, as applied to orifice 
and nozzle measurement, did not originate with either 
Reynolds (page 198) or Stanton (page 203, footnote 1). 
I had been first intrigued in its possibilities by a paper 
by Bairstow on the laws of similitude. This paper was 
published in the July number of The Aeronautical 
Journal for 1913. I had, since 1909, been trying to cor 
relate the coefficients of various possible flow-metering 
devices (including nozzles, orifices and “gate” meters) 
for air, gas, steam and water flows. As stated in the 
closure of my 1917 paper’ on “The Commercial Metering 
of Air, Gas & Steam,” I had not, up to that date, found 
the Reynolds Criterion of much practical use, as the 
commercial demands in which I was then interested were 
for higher velocities than those for which the criterion 
applied. In that closure, I gave a more general criterion, 
which included both elastic and viscous flows, and of 
which relation (8), quoted on page 201 of the August 
Instruments by Ed S. Smith, Jr., is a particular case. 
This general criterion is further discussed in appendices 
IV and V of my 1925 paper” on “The Orifice as a Basis 
of Flow Measurement,” and in appendices (4) and (5) 
of my 1929 paper” on “The Measurement of the Flow of 
Gases and Liquids by means of Orifices, Nozzles and 
Venturi Tubes.” 

Figs. 32, 33, and 35 of my 1917 closure show the re- 
sults of the first tests ever made to apply what is now 
called the Reynolds Number to orifice flows. These had 
been carried out as a result of Bairstow’s paper, and of 
correspondence with the late Lord Rayleigh. They clear- 
ly show the upper limitations of the criterion when ap 
plied to gaseous flows, as well as its great value when 
applied to lower velocities than were then of commercial 
interest. 

It would seem preferable to plot the Reynolds Criter 
ion in terms of D, and not of D,, as this simplifies the 


1Proceedings of the Institution of Civil Engineers (London), Vol. 
Part 2, 1917, pages 104-293. (Actual reference, pages 186-191.) 
Institution of Civil Engineers (London), Selected Engineering 
rs, 1925, No. 31. 23 pages. (Actual reference, pages 18-21.) 
roceedings of World Engineering Congress, Tokio, 1929. Engineer- 
” ‘ n Part 2, pages 97-150. (Actual reference, pages 131-134.) 
Widely known as an eminent pioneer in fluid ot? \0* 


metering and automatic control, John L. 
Hodgson invariably sheds interesting light on 
the topic under discussion. In the present 
instance he relates the circumstances leading 
up to the first use of the Reynolds Number 
in connection with orifice and nozzle flows, 
discusses other matters treated in our August 
1935 issue, and arouses our burning curiosity 
by disclosing the coefficients of an “inter- 
mediate” differential producer (which seems 
to be both an orifice and a nozzle without . 


being either!)—M. F. B. Mack 


Values of $2 
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use of the curves. (This has also other 
my footnote No. 4.) 

The expression vd/v (adopted by the G 
gators when repeating my original work 
kinematic viscosity, is a form of the criter 
by the late Lord Rayleigh in connection wit 
work. When considering problems of fluid 
the essential factors are size, D; density, | 4 | 
3 velocity, V; weight flow, G; volume fl 
is no point in introducing the concept of 
viscosity in connection with fluid metering ; 

The most fundamental form of the criter 


VDW 
fore . But as this involves statemen (a) D finit 
wae the - , ; It 1 n¢ 
it is V’, or V., that is measured, and as flow , ” 
stated in gallons or pounds per second : a 
velocities, more convenient forms of the cx 1) Ss sti 
QW  G G) ys 

or . The form of the criterion wh i 
Dy Du - 
have found most generally useful when dealing flow etl 


Y 


3 \ D ; ' lasses 


measurement within the viscous range 


R. B. Smith’s contribution on page 204 (2) The 
portant. Orifices must be made of ample stiff: Chit ransmittin 
orifices are apt to vibrate as well as to distort under dif sht, 18 2 | 
ferential pressure. The coefficients of vibrat viously | 
over their range of resonance make such orifi The five 
useless as flow measuring devices. The flow through | tually e1 
may actually be lower at the higher heads! n what 1s 

Ed S. Smith, Jr.’s valiant attempt to cover ¥ pa nmary m 
formula coeflicient curves such as I first publ | ther 
my 1925 paper is of academic value only. It ilue OF 


parent as soon as those curves were obtained t hase ang! 


nibaw t systems 


form of obstruction which had characterist 


mediate between those of a square edged orifice and luction-ba 
rounded nozzle should have a constant coefficient dow Ideally, 
to fairly low values of G/D.y. Such an obstruction was ill teleme' 
therefore worked out with the results given in | ie system US 
It will be seen that for orifices of large diam Irequency 
the extension of the flow range of the constant « lor years. 
, lifferent 


is about 3 times; while for orifices of small 
ratio—which most frequently occur in practic 
tension of the flow range is more than 100 ¢ 


(b) Prin 


modern practice one would therefore never think ng There ; 
a square-edged orifice with its heavy viscosity ! vhich 
tion at low flows, for the measurement of visi (1) Th 

ffects. T 


4It will be noted as a point of interest that it has not |! 
to obtain a constant coefficient at walues of the crite 
low the limiting curve ABC. (Incidentally, this is an effect 





not have been apparent if the criterion had been plotted o (II) S 
5It does not seem necessary to elaborate the fact t ws 
viscosity of an oil changes rapidly with temperature, the val sociatec 





for the coefficient at various rates of flow (unless t ; ' 
lev ciably from some constant value) can only apy simu 
f nstant composition and quality at constant temperat 
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cal similarity of transmitter 


and Control) of Béhar’s Manual of Instrumentation. See editorial 


Ielemetering and 
Totalizing 


By PERRY A. BORDEN and M. F. BEHAR 


Member A.I.E.E 


Continued 


8. Position Class 


(a) De finition 


It may not be amiss to start by dispelling the confusion created by the flexible 
: of “position.” This can best be done by first eliminating the inap 

cable meanings. 

(1) Systems belonging to any of the five classes (current, voltage, frequency 

ition, impulse) are used in practice for telemetering the positions of floats, 

inters, valve stems, etc. Any system, when so used, becomes a position tele 
tering system. (In like manner one speaks of a pressure telemeter, i flow 
mote-recorder, a load totalizer. etc.) This 1s one sense—that of “duplic: ited 
ysition” —in which the term “position” cannot be used to define one of the 
classes to the exclusion of the other four. 

(2) The basic principle of any telemetering system may be said to involve 
transmitting the position of a measuring pointer. Any system, viewed in this 
sht, is a position system. This is the general “duplicated position” meaning 
bviously too general to define one class. 

The five-class scheme is based on the various electrical transmitting principles 
xctually employed—not on what is measured nor on how it is measured, but | 
n what is transmitted: i.e., on the electrical effect into which the result of the | 
yrimary measurement is converted in the transmitting section. The term “posi- | 
tion,” then, refers to the transmitted electrical magnitude which represents the 
ilue of whatever magnitude is measured. It refers to electrical ratios, electrical 
phase angles, etc. Thus, there naturally exists a distinct electrical position class 
f systems: it would exist on paper even if not a single bridge or ratio or in 
duction-balance system had been brought out commercially 
Ideally, the position class would include only such systems. Since, 
all telemetering systems use some sort of “duplicated-position™ idea, any new 
system using a transmitting principle which is not that of current, voltage 
frequency or impulse may be assigned to the position class. This has been done 
for years. The result is that the position class is a heterogeneous grouping of 
different types. 


hi WeVeT, 


(b) Principal Types 
There are four distinct types and one rather broad type of position systems 
which five it is well to consider as divisible into three 
(1) Those using transmitting principles involving 


aaah 
purely electrical position 


elects. This group contains the first two types: 


Type 1——Ratio 
Type 2—Bridge 
(II) Systems in which the transmissible electrical position effect is inseparably 
ciated with the spatial relations of essential mechanical elements—mechani 
and receiver being indispensable 
Type 3—Induction-balance 
Type 4—Position- motor 
(III) Miscellaneous systems which depend for their operation upon the 


shapes and arrangements of mechanical members and which do not depend 


ely upon the use of electrical position principles. In the present state of 
rt we may refer to all systems in this group as Type 5 


operating principles of the five types are, in brief, as follow 
(1) Ratio Type. By means of an adjustable 

commonly by 
uit two volta: 


er-type rheostat, or 
inductive means, there are established in th 
ges or currents having relativ: 


potentiomet 


transmitting 
yoverned by th 


] 
> values primary 


*Sixteenth chapter (XLIV) of Part Seven (Handbook of Industrial 
AKC A7 of N 1 + - ac “he »r jc whiec 
é ovember 1933 Instruments. __ Each chapter is subject 
fore its appearance in this serial for m, in order to assure that 
¢ ca - 
o-date. This new book is not published serially in any other periodica 
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CONTROL EB SYSTEM 
The Mark of 
Effective Control 











Process Control for sensitive. stable 
automatic control of temperature, 
pressure, liquid level.flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boi ler operators, Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed, 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination: in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating, recording and 





integrating the flow of 
Control Drive 


steam, water, sewave, 


air, gas and other fluids. Bulletins 


No. 39 and 300. 


Recorders for pressure, temper- 


ature, drafts. liquid level and othe: 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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"AUTOSYN“ 


Self-Synchronizing Motor 





As Remote Indicating medi- 


ums in connection with... 


TEMPERATURE... 





~30 OIL 907 
Le 20. 





And hundreds of applications where 


Remote Indications are desired. 
e Operates 32 volts A.C., 60 cycles, 
single phase © Two or three Indica- 
tors may be operated from a single 


transmitter © Write for data. 


PIONEER INSTRUMENTS 


Pioneer Instrument Company Incorporated 


BROOKLYN, NEW YORK 


A Subsidiary of the Bendix Aviation Corporation 
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rt } 1 
neasuring element. The receiving instrument takes the form 





xed from a crossed-coil movement or it 





such as may be develo] 
(2) Bridge Type. A self-balancing instrument at the recei 
restore the balance of a bridge circuit unbalanced at the trans: A ” 
the primary measuring element mM 
(3) Induction-balance T ype The relative value of two > 
vc. circuit is varied by the primary measuring element, thu f 
electromagnetic stresses « n Opposed elements at the receiving e1 ¥ 
element automatically tends to restore the balance, maintainii 
letermined relationship between th luctances in the tw 
circuit . 
(4) Position-motor Type. Two or more secondary circuits 
relationship with a common primary circuit are simultaneousl 
their relative mutual inductances change. The voltages induced t 
under a-c. excitation are applied to a similar arrangement in the 1 mi 
tion, causing the moving element thereof to duplicate the posit m 
the transmitter \ 
(5) Miscellaneous. No distinct principle common to all Ty to! 
Only in one respect can all be said to come under this headin 
Is¢ vh I 
(c) Features and Characteristics 
By reason of the diversity of their types, position systems hav - 
features and characteristics. There are exceptions to each of t 
statements My 
In general, position systems require three or more conductor ne rat 
connecting circuit; and this has a tendency to restrict distan : 
they may economically be used, as well as to limit the practicabil 
the standard ty pes OF cOMMuNication circuits 
Even when one conductor is replaced by “ground,” the line 
in a condition of balance which lends itself to incorporation int 
for other purposes : 
As an offset against the circuit limitations, the position systen 
characterized by the advantages of quick response, high torqu : 
of indication me 
Where the transmitted effect takes the nature of the rati _ 
similar electrical magnitures, and where ratios between linear e) Type 
termine the indication of the receiving instrument, the transmitt 4] 
voltage may be either direct or alternating; but where phase angl ae 
it is obvious that a-c. magnitudes only may be considered em 
Position systems may be used for telemetering all kinds of 1 Br 
flows, temperatures, watts, amperes, volts, water levels, etc., and ( > 
positions of valves, dampers, etc.—all depending on the prin 
lement in the transmitting section. ‘ 
It is in this class, particularly, that there are found relativel 
powerful systems capable of operating various devices at the 1 
Such systems represent the transition from telemetering to remot 
(d) Type 1—Ratio Systems a <. ? 
In the simplest of the ratio systems the principle of the crossed 
(Instruments, March 1934, pages 54-55) is extended to the exp: 
ratio between two currents or voltages simultaneously regulated 
of the primary measuring element. This regulation may be effect : 
. rheostat, as in Fig. 44-27 or (when alternating current is used) by 
inductance, as in Fig. 44-28. Both these methods are subject to tl 
of requiring an appreciable amount of power to perform the a reuit wl 
the rheostat method because of the element of friction essential t 34 pa 
t 


Sliding contact moved by ; 7 tering 
—S primary measuring element ; ; 
r _ 


——__—_—_- ——___—_—_—— . os 
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Resistance-ratio scheme 
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ance, and the inductive method because of electromagnetic reaction 
1 the inductor by current flowing in the line. The primary measuring 
t must therefore be of such type and construction that it can operate thi 
chanism. without serious loss of sensitivity or accuracy 
A representative commercial example of the 1 yf the ratio principle is th 
Teldicator” line of instruments, produced by the Meyer Instrument Co. { 
tte indication and recording of flow rates, liquid levels, positions, et 
nsmitter taking the form of a soft iron plunger moving in a doubl 
| coil in response to variations in the magnitude being measured. Thi 


/ 


mnected by three wires to a dynamomete1 type receiving instrument 
) measures the ratio of coil voltages as determined by their respectiv 
itances, thus providing an indication of the position of the plunger in th 
smitting section. 
The ratio type of telemeter has found wide application in helm indicator 





r ships and position indicators for tap-changing transformers, as well as it 





roviding remote indications of the readings of relay-type recorders. Con F Wi d Di . 
derable research has been done on systems in which the ratio of two magni @ror in irection 
les is represented by the relative value of two electric currents or voltages d V | - 
eee dar seaee bg begcnlps: scion Rabbit. and Velocity 
litferent natures, as alternating and direct current o1 uiternating currents ; 
f different frequencies, which may be superimposed in a single two-conductor 





it at the transmitting end and separated by a filter at the receiving end 
work of Midworth in England represents probably the most 


tudy of the possibilities of this general method of which published records 





available * 
(e) Type 2—Bridge Systems 
In the bridge system (Fig. 44-30) as in the ratio system, there is required at 
transmitting end an adjustable resistor, the receiver taking the form of a 
lf-balancing instrument acting in response to a relay mechanism to redu 
zero the current flowing in the middle wire, thus restoring the balance of a 
} 
+ . | “ 
: \ . . 
’ i: @For Sunshine, Rain- 
=~ = fall or Streamflow 
{ — 
—~ {G }* = 
/ eae a 
s = 
> = 
oe Sor 
> acide * \ _ a 


4 =a Bridge System it VP 
Fig. 44-30 iii 


ircuit which is the equivalent of a Wheatstone bridge. (See Instruments, Nov 
1934, page 229.) A representative commercial example of this type of system 
s that of the Bailey Meter Co., Figs. 44-31 and -32, which employs a “Galva 


self-balancing recorder (see Instruments, Feb. 1935, page 34) in the re @For Air Conditions 








elving section. Temperature and 

The adaptability of the bridge principle to the use of standard equipment Hlumidity, Barometri 
| eveloped for other purposes has led to its adoption in many instances of tel Pressure 

metering systems for the remote indication of gate openings, rheostat settings, 
: vater-level recorders, etc., developed by the users in their own shops. 


‘ . ‘ i " | . + 
T us method is frequently used also for oy cage, the une of a Julien P. Friez& Sons, Inc. 
‘cording potentiomete > Dridge system here uses practically the same — , 
al epee Peed The bridge ots ote pte : 4 N. Central Avenue Baltimore, Md. 
equipment as would be required for a voltage system, with the electrical dif : 
Subsidiary of Bendix Aviation 


sh Patent No. 400.289, C. Midworth, Oct. 26, 1933. ( or poration 
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TYPE V ENGINE | terence that, with the use of a bridge circuit having three co: mi 
' ; th 


receiving instrument takes the nature of a bridge rather than a 


| C A | and thus eliminates the need for a standard cell with its attendant : 
NDI TOR ot periodical adjustment of the slide-wire current. ; the 


FOR 12 CYLINDERS | sewn seas 

















RECEIVING RHEOSTAT 


GEARED TO RECORDING PEN 


Fig. 44-31 Fig. 44-32 





(f) Type 3—Induction-balance Systems 


The transmitter of the induction balance system takes the forn 
of variable inductances mechanically interconnected and varied wit} 
of the measured magnitude. The electrical circuits are such that th 
of inductances tends to vary the relative value ‘of voltages in tw 
three-conductor system. The receiver resembles the transmitter and 
ranged that the two inductances in it tend to adjust their position 
which the relative value of their associated voltages is the same as t 
transmitters, with the result that the line current is reduced to ze: 
value where the reaction of the transmitting element on the primary 
element is minimal. Thus, one advantage claimed for the principle li 
fact that, though during changes in the reading the primary element 








CAPACITIES AVAILABLE— get rm electromagnetic forces fro m the transmitter, these fi rces | 
when equilibrium is finally attained, and leave no reaction to interfer 
ONE TO SIXTEEN CYLINDERS Reset unit taking up its true position. 
A 25-page bulletin describing this | One of the earliest and best known systems using the inductior 
Indicator and including many charts | principle is the long-distance system introduced about 1912 by the B: 
will be mailed on request. | Two coils carried on a rigid structure and balanced on knife-edg 
as each basic unit (see Fig. 44-33). With each coil is associated 
Air Flow Indicators S circuits ar 





Engine Indicators 
Fuel Flow Indicators 








Magnetic Thickness Gauges tic 
Stroboscopes 
Sound Indicators 
Vibration Recorders > 
See these instruments at our 
boratory We will have a spe- 
il display for S. A. E. week 
Our instruments are installed in the 
leading automotive and Diesel lab- 
i ies an broad. = 
oratories here and a Fig. 44-33 . 
COMMERCIAL magnetic circuit, so placed that as one coil moves to encircle more ot Ry 44% 
the other moves to encircle less, and the inductance of one coil ; 


ENGI N EERING that of the other decreases. This arrangement is duplicated in the tra Wager’ 
and receiving instruments, and electrical connections are made as in . ae 

Fig. 44-33. Alternating current introduced into the common wire ¥ | in the 

LABORATORIE S in inverse proportion to the impedances of the respective branches « Lainie 4 

cuit. Thus, with the coils of the transmitting unit in the positions shov 


it 
4612 Woodward Ave. will have a higher inductance than coil B, with a consequent tendenc 


i 
1 


Detroit, Michigan latter to carry the greater proportion of the current flowing. Coils A 
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.\ 


schematic diagram of the system is shown in Fig. 44-34 


luction balance has been combined with a relay syste 


mitter being connected in series with coils C and D respect 
the electromagnetic pull set up by coil D acting upon its iron core 
‘come that set up by coil 
the moving structure will 
response to the difference 
of the two coils. At the 
ne, as coil D moves into a 
to embrace more of the 
ry iron core, its inductance 
J] automatically be increased, 
vith a consequent reduction in 
rent flowing, while for 
che same reason the current in the 
coil will be increased. There 
established a self-balancing 
ition in which the system tends 
‘) come to equilibrium with equal 
sotal values of impedance in the 
two branches of the circuit, and 
‘nce with the moving elements of 
units in corresponding posi- 
sons. under which condition the 
reaction of the coils on the primary 
neasuring unit in the transmitter 
ecomes nil.* Fig. 44-34 shows the induction balance type of receiving element 
ncorporated in a Bristol round-chart recorder 
In the induction balance system of the Brown Instrument Co. the operating 
principle is electrically identical with that described above, but the electrical 


Fig. 44-34 











TRANS RECEIVER 
ARMA ARMATURE 
) /N 
PIVS DIVIDED 
co CO/h 


Fig. 44-35 











rcuits are stationary, taking the form of a divided solen 
‘ystem consists in a plunger which moves on the axis of the ¢ 
> relative inductance of the two sections according to its axial position. A 
he electromagnetic 


ictions are such that the plunger in the receiving unit takes up a position 





presentative of that in the transmitter, the condition of balance automatically 
lucing to zero the mechanical force exerted on the primary measuring unit 
Fig. 44-36 shows a Brown remote installation having two receiving units, on 
ecording and the other indicating the pressure in the pipe line at the left. For 
w telemetering, the transmitting section is a Brown differential-pressure 


inometer. 

In the “Electruflo” meter of Morey & Jones, Ltd., the principle of the in 
+] ‘ 

etween transmitting and receiving elements is forcibly restored by a motor- 


S. Patent No. 1,028,851, J. W. Bard, June 11, 1912. 









He Who Gets 
Promoted 
Stop to analyze 


why one man gets a salary 


raise. and promotion while 
another does not! 

Is it because of education? 
Look around you and you will 
find highly educated men 
Waiting In Vain for promotion. 
On the other hand, you will 
also find less educated men 
forging ahead steadily 

To be sure, everyone must 
have an adequate education 
nowadays, but that is not all 
and it is not the factor that 
leads one up to the executive 
office. 

The man who heads the promotion 
list is the man who has IDEAS 
he who does not let his knowledge and 
experience lie dormant, but uses then 
as building material for ideas. 

Ideas have their own natural be 
ginning, growth, and maturity. This 
process can be learned and successfully 
applied to daily industrial practice 

Our home study course in the Theory 
and Technique of Inventive Practice offers 


this unique opportunity for training. Your 
seemingly small ability can be greatly i 


creased into a. stead flow of practica 


ideas. The course is an experiment no 
longer—it is a guaranteed train No 
course on the market offers a similar op 


} 
portunity. 


Write for particulars today 


Trofimov School of inventive Practice, Inc. 


3859 Northampton Road 
Cleveland Heights, Ohio 


Gentlemen 


Without 
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@ HOPPLER 
VISCOSIMETER 


For Determining the ABSOLUTE Vis- 
cosity of Gases, Oils, Fiuids, Viscous 
Tars or Syrups, According to the 














FALLING BALL PRINCIPLE 




















riven cam acting upon the magnetic el ment 
ntrolled by a relay energized from the li 
of unbalance set up by the transmitter 
d as a flow meter is shown in Fig. 4 
rmined from a scale showing the position of 
that, by suitably shaping the cam contour, it is possible to reduce t or, 
Direct Readings in Centipoises (or lin law the measurements derived trom a primary elen ent. lat 1 
> > | i 1 ; ai 
Centistokes). Only Small Sample ferential head type of flow meter, having a non-linear charact | 
(30 cc) Required while th 
RESULTS CONSISTENT AND there are 
REPRODUCIBLE Fig. 44-38 connect 
Range: From 0.01 to Over 1,000,000 of zero 
Centipoises to set uf 
Accuracy: *0.1% Between 10 and of the m 
600 Centipoises and the 
*0.27°, at Extreme Ranges ros" id 
With Use of Ultra Thermostat Error, ar ee een 
Can be Reduced to *+0.05°% Over VALVES a receiving 
Entire Range of Viscosimeter the volta 
Difference in Viscosity Between Dis- in the tr 
tilled and Tap Water Can Even Be on the p 
Measured Thous 
When Requesting Detailed Informa- ap fIGH LOW ble 
ti State Ran f M rements PRESSURE PRESSURE sipie to ¢ 
ion, ate ange o easuremen MANOMETER MANOMETER a 
Required TUBE TUBE mitter al 


single-pl 





comes a 


The above Hoéppler Viscosimeter 


was made possible by the use of age of vi 


factor m 



































| Fig. 44-39 whee Tran 
| Fig. 44-40 | 
| TRANSMITTER CALIBRATING 
cous * — ROD 
| 
JENA KPG PRECISION- | 
BORE TUBING Galvanometer — b hy 
Bore exact within —.001 mm. (.00025 | | oo x 
in.) Smallest bore .S5mm., largest bore | — : mechanism ) L | 
50.0mm. Length, except for extreme po bl M 
bores, up to | meter. Inside surface | ss 
is clear like regular transparent glass | ¥Y 
tubing. : B 
| a 
Jena KPG Precision Bore Tubing is a C OVERLOAD a | a | _Mect 
HECK VALVE = ie 
product of the DRAIN VALVE | Float_} TRANSMITTER 
JENA GLASS WORKS OF 
SCHOTT & GEN. At this writing the latest flow meter employing the induction-balai ” 
eae of telemetering is that of the Cochrane Corp., Figs. 44-38 to -40. | on 
C late 


U. S. AGENTS: ceiving section the servo-motor (commanded by the galvanometer) 1 


- ’ P Va tage 

FISH-SCHURMAN plunger of the divided solenoid through a cam so shaped that th pe "idl 

a " “- uw At L 

C O R PO R ATI O N relation between flow and pressure differential is rectified, permitting t es 
| motor to be geared directly to the indicator pointer, recorder pet ee 


230 East 45th Street, New York, N. Y. integrator index. 














*U. S. Patent No. 1,877,810, L. H. Chamberlain, Sept. 20, 1932. } {. Re 
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(g) “ype 4—Position-motor Systems 
tion-motor systems (sometimes referred to as “self synchronizing”) may 


idered as an evolution of the induction aie system, developed in the 


f a motor, generally free for complete rotation. The essential electrical 
dist: ction between the induction balance system and oh le position- motor system 
lies the latter having a constantly maintained ; rating magnetic field. 
ng that both the transmitting and the receiving units h provided with 

from a common avec. source. Structurally, the two elements are ven 


' dentical with each other, each being substantially a wound-rotor induc 
; tor having one single-phase 
keing on the rotor and the latter on the stator. The most common 
of inter-connection is that shown in Fig. 44-41. It will be observed 
single-phase winding in each unit is excited from the acc. line, whik 
phase windings are connected through the three-conductor transmittin 


and one polyphase winding, the forme: 


th le 





STATOR STATOR 
CoiLs Su Ss; Cos 
Rotor ,—Set = Be ~ worn 
Cou. z Ez e = ] 
~e ° SP Bo 
I A rf = 
sy, vg 5 
z = oo® py ff My, J 2 
i y °° €~ Re] | 
| 53 Sa So Sy 
1 | Tee . 
SELSYN MoTorR SFLSYN MoTOR 
| /OvoL.T 60~ 410 VOLT, 60~ 
| 
— holb 
A i. 


~H0V. 60~ 
SUPPLY Line 


Fig. 44-41 


circuit. The transmitting instrument may be considered as an induction regu 
lator controlling the relative values of three voltages. It is to be noted that, 
while the secondary windings have the equivalent of a polyphase connection, 
there are no polyphase voltages in the system, the three voltages in the inter 
connecting line being in phase with one another and having an algebraic sum 
of zero. The resultant action of the three voltages upon the receiving unit 1 
to set up an alternating field having a position in space corresponding to that 
of the magnetic axis of the single-phase primary winding in the transmitter: 
and the single-phase element of the receiver tends to move into a position wher 
its field coincides with that of the three-phase winding, thus providing at the 
receiving end a duplication of the position at the primary end. In this position 
the voltages set up in the receiving instrument exactly neutralize those set up 
in the transmitter, reducing the line current to zero and eliminating reaction 
on the primary measuring element 
Though the position motor is essentially a | 

sible to operate it “inverted,” by exciting the three-phase windings of the tran 
mitter and receiver from a common polyphase source, and interconnecting th 
single-phase windings through the transmitting line. The transmitter then bh 
comes a phase-shifting transformer, the transmitted magnitude a constant volt 
age of variable phase position, and the receiving unit the equivalent of a power 
factor meter. By providing a three-phase winding on both rotor and stator of 


single-phase instrument, it is po 
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A-c. source No.2 
(in phase with Nal) 





| | = Source No./ Fig. 44-42 
each unit it hecomes possible to accomplish totalization by the use of a con 

catenated or cascade connection, as shown in Fig. 44-42. As any possible ad 

vantage of this method of using the position motor is usually offset by the 
tendency of the rotors to rotate continuously under the influence of the poly 

hase field, it is used only in exceptional cases, and is here mentioned only as 
a matter of technical interest.* 


n 


ir other systems of totalizing with selsyn motors see U. S. Patents 1,732,987 and 1,895,942 : 


I [ Rowell. 
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AMERICAN ME TERC OMPANY 


Measurement and contr 0 Steam, Air and Liquids 


GENERAL OFFICES: 60 E, 42ND ST., NEW YORK, N.Y 











WORK OF 
DIAL GAUGES 


AMEs 


for accuracy 


I ‘ 
GAUGES 






Measuring in thousandths 
of the inch or hundredths 
of millimeters; amplifying 
and indicating those min 
ute measurements on easy 
reading dials; comparing 
duplicate parts for size, 
straightness, roundness, 
flatness, thickness and 
depth; speedily, accurate- 
ly, impersonally and eco- 
nomically. Send for cata- 
log. 


5. C. AMES CO. 


WALTHAM, MASS. 
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The Improved Clark 
BLAST METER 


indicates air flow in cubic feet 
per minute. Operates on Pitot 
principle. Designed for applica- 
tion to furnaces, it is rugged 
and dependable, as well as ac- 
curate; hence finds numerous 


other applications. 


The Clark Mercury 


PRESSURE GAGE 


indicates up to 32 oz. pressure 
ona single vertical tube. 
Write for 
bulletin ©& prices 


Chas. J. Clark Blast Meter Co. 
GLADBROOK, IOWA 














CONTINENTAL 


Vacuum Power Switch 





Our bulletin describing 
this interesting and un- 
usual type of switch will 


be sent 


CONTINENTAL 
ELECTRE <. 


ST. CHARLES, 6, ILL. 


{OTOCELLS VACUUM GAGES 


upon request. 
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The minimum number ot conductors between transmitting 
position-motors is three—when the single-phase windings of | 
excited from the same a-c. supply or from two sources in phase wit 
Otherwise, five conductors are required, but it must be noted t 
dependent installation comprising one alternator, a number n of 
and n receivers, the cable need not comprise 5 n conductors: 


ductors are sufhcient 


Fig. 44-43 





Position motors manufactured by the General Electric Co. under 
name of “Selsyn” (self-synchronizing) are obtainable in a variety 
suited to position indicating as well as to some forms of remote contr 
operation of valves and rheostates. Fig. 44-43 shows a typical G-E trai 
instrument and Fig. 44-44 shows the transmitter proper. 

Under the trade name of “Autosyn” the Pioneer Instrument C 
factures position motors characterized by small size and light weight. A 1 
motor is shown exactly half-size in Fig. 44-45; it weighs 9 ounces. Fig. 44-4 
shows how the back plate of a transmitting motor assembly (at tl t) 
arranged to take various primary measuring elements interchangeab| 
element at the right being a Bourdon tube type of pressure gage. Fig. 44-47 
shows a “tandem” receiver (without graduated dial) suitable for twi 


measurir 
it the re 





Fig. 44-45 Fig. 44-46 












Fig. 44-48 


ircraft, forebay and tailrace water levels, etc. Fig. 44-48 shows a drum-chart 
recorder form of receiving section with an “Autosyn” receiving element 


VS 


SELSYN GENERATOR 
SENDING ELEMENT 


SELSYN MOTOR 
OPERATED RECORDER — 





Fig. 44-49 


The Bailey Meter Co. employs selsyn motors for telemetering pressures, 


flows, etc. Fig. 44-49 shows such a system with a mercury manometer primary 


measuring element in the transmitting section, and an indicator and a recorder 
it the receiving end. 





Fig. 44-50 Fig. 44-51 





Fig. 44-50 shows a receiver built by Leupold Volpel & Co. to show two 
tinct water levels, such as forebay and tailrace, together with their difference 
Two independent selsyn motors provide indications of the individual levels. A 
jifferential gear shown in the photograph operates from its planetary a third 
ter whose position is the resultant of the other two, and hence the differ 

in the two levels. Fig. 44-51 shows the appearance of the dial of the in- 
ment. Pointers A and B read forebay and tailrace levels respectively on the 


Kurman 
OFFERS 
2 New 
is a 
Sensitive 


Relays 





SENSITIVE 

14 Milliwatts for positive operation. 
ADJUSTABLE 

Pull up—drop out—speed. 
DROP OUT 

From 50 to 85°% of pull. 
CONTACTS 

Fine silver—11!2 amps 110 V. A.C, 
RANGE 


.0005 V. 25 amps -to- 20 V. .00065 amps. 


FEATURES 
1C Wide contact separation. 
2C Speed .001 seconds. 
RUGGED 


Some customers report 4 years continu- 


ous satisfactory operation. 


Kurman Electric Co. 


241 Lafayette Street, New York City 




























NO MERCURY 


IS USED WITH THE 





RECORDING METER 


It gives trouble free service and ac- 
curate records of 


FLUID FLOWS 


and 


LIQUID LEVELS 


—Extremely easy to install and can be 
calibrated for any differential pressure 
between 20 in. of water and I0 Ibs. 
per sq. in. 


MOREY & JONES, Ltd. 


MANUFACTURING ENGINEERS 
922-A So. Hemlock St. Los Angeles, Calif 








INSTRUMENTS 


Dec. 1935——Page 33 




















NEW... and Unique! 





““MICROHM” MICA 
CARD RESISTOR 


2% Accuracy! 


Smallest 40 watt it on the market. 
S17¢ ] wide, ; lor rt by 
thick. Flat shape requires minimum 
\r s ht additio st, we Ca 
ish this tvpe with 1 wccuracy 


1) to the high ittage rating, it 
i suitable f high current 
200 verload without in 
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Ii / furt ; hor a ind 
’ iia ] 


PRECISION RESISTOR CO. 


Newark, N. J. 


334, Badger Avenue 
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FAWSON 
Wi ulitsmeters 


DC 
13 RANGES 


From 1 
Microamp 
to 1 Amp 

and 
20 Microvolts 
to 1000 Volts 





ACorDC 
THERMAL 
13 RANGES 


From 
2 Milliamp 
to 1 Amp 
an 


60 Millivolts 
to 1000 Volts 





A Rawson Twin MULTIMETER 
Combines both the above in one meter 
Dynamometer wattmeters, milliammeters 
and voltmeters. Also ultra-sensitive meters 


both for A.C. and D.C., electrostatic volt 
ters tro! full scale 120 volts to over 
( ples earth ¢ ent 

ete esters, fluxmeters, et 


Special Apparatus Built to Order. 


RAWSON 
ELECTRICAL INSTRUMENT CoO. 
Cambridge, Mass. 


Branch: 91 Seventh Ave., New York City 
Representative: E. N. Webber, 
1217 Washington Blvd., Chicago, Ill. 
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outer scale: and inter C indicates « ner scale the hea 
‘ 
Fig. 44-52 shows a recording -receivet the sar C pa 
, , "7 : i , 
1 record r tn T1S¢ ind fall of d Sta Va I evels 


A thermal telemetering system, the “Distometer,” produced 
] 


Co., is suitable for 





permissible. Its principle will be Figs. 44 
represents the deflecting member « suring u 


contact B. Associated with the deflecting 

upon its extremity a contact D 

heater coil E conns in series with thx 
] 


the receiving end of the system includes 


cted 
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=< 


ARATE 


\ " 
) ¢, 
( O 
\ WY @---—-—--- « 
( Ay oo Ie 
hie a 


; and directly linked to a pointer H. The operating principle is 
With deflecting member A in its zero position, contacts B and D 
a current to flow through heating coil E. This causes 
ghtly, in a sense to open the contacts. As the circuit is | 
strip cools and re-engages the contacts. Thus strip B is continually 
vibration. The heater coil G in the receiving instrument is connected 
with coil B through the interconnecting line, so that strip F tends 
the same position as strip B, and maintain the pointer at the zer 
the scale 
As element A deflects up the scale, it tends to follow strip C 
greater mean value of current is required to establish the vibratory 
with the strip deflected in the direction of the pointer. This greater 1 


of current flowing in coil G tends to hold strip F in a position simi! 


of B, so that the pointer in the receiving instrument tends at all time 
cate the position of that of the transmitter. 
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4 [nspection of Textiles Used for Electrical 


Insulation Purposes 


By J. VAN LAETHEM and R. VERNIMMEN 


Bell Telephone Mfg. 


is well known that textile insulating materials, 
wing to their fibrous nature which permits ready 
sorption of moisture from the atmosphere, are par 
rly subject to considerable change in their insula 


properties as a result of fluctuations in atmosphe ric 


rature and humidity. The effect of humidity on 
resistivity of textiles is governed larg ly by the 
tracture of the fibres. Another well-known factor, which 
ty a great extent determines the relative excellence of 


e tex 


nsulation, is the el ctrolytic salt content of tl 
Fluctuations in the electrical behavior of the insu 

ition, resulting from changes in the relative humidity of 
he atmosphere, may be particularly large and sudden 
with unimpregnated wire. 

The requirements generally imposed for textiles used 
for wire and cable insulations may be divided into thie 
itewories, VI1Z., mechanical, chemical, and electrical. 
lensile strength, elongation, yardage, absence of acidity 
to ivoid corrosion. of the insulated conductor, moisture 
content. and electrical resistance are the outstanding 
features as regards the quality of the material, and are 
generally covered in raw material specifications. It is 
not the purpose of this article to give a complete analysis 
if all comparative tests to be carried out in order to 
xamine whether the materials supplied are in accord 
ince with the specified requirements, but merely to de 
scribe brie fiv a test procedure particularly tending to 
5 mplify the electrical testing of raw material. 

The fact that the resistance values obtained with tex 
le materials are largely affected by the relative humid 
ty of the atmosphere, makes it necessary to condition 
the samples carefully prior to the test by exposing them 
for several hours in a humidity cabinet to a temperature 
ind a relative humidity kept within narrow limits until 
omplete equilibrium has bee n obtained. Care should he 
taken not to handle the thread itself during its winding 
m the electrodes in order to avoid contamination by per 
spiration of the hands and the introduction of a possible 
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Fig. 1. Kohlrausch Bridge Method of 
Determining the Conductivity. of Ex- 
tract 


R—Resistance Box 








C—Cell : 
ab—Platinum Wire of Uniform Thick- Fig, 2, Arrhenius Type 
ness Stretched Along a Grad- Cell 


uated Board 
c—Sliding Contact 
K—-Rhumkorff Coil 
t-—Telephone. 


P—Platinum Wires 
G—Glass Tubes 
E—Electrodes 
S—Extract 


Co., Antwerp, Belgium 


source of appre ciable error in the readings obtained. If 
the handling and conditioning of the samples be carried 
out with the necessary precautions, the resistance meas 
urements on the thread will provide consistent: res ilts 
However, the procedure is long and not ¥verwopra il 


when considering the que stion trom the port ot view 


of raw material testing in the factory, since the length 


of tiine involved by well controlled preparatory condi 


} . ‘ . ] | j ‘ } | ] | } 
loOndwne makes raw material SUM. Wier Tas oO De Car 


ried out frequently on all textile lots supplied, very trou 
blesome. With the intention of making the inspection of 
the insulation properties of te xtiles more practi il, the 
testing method described below, which avoids the neces 
sity of conditioning the material before te ne and 
which gives significant indications a » the insulation 
characteristics of the submitted samples. mav be ad 
vantageously adopted 
FUNDAMENTAL RELA 
Experiments have shown that among the different 


factors determining the insulation properties of tes 
the amount and kind of water soluble electrolytic 
purities which are pre sent in the mater il, either nat 
urally or as contaminants, are of cardinal lnport 

Contirmation thereof is obtained by the great increase in 
insulation resistance obtained with textiles thoroughly 
washed with water. In consequence of this fact, it will 
be obvious that the insulation resistance of a textile ma 
terial will be in close relation with the electrical r 

tance of an aqueous extract of the electrolytic matter 
contained in the material. It is common knowledge that 
the presence of a too high electrolyte content is to a 
great extent the cause of low insulation resistance of thi 
fibres. Converse ly, a low percentage ol conducting saline 


constituents exerts a favorable influence on the final in 


sulating prope rties of the material. The simp lifie d elec 
trical test procedure developed in order to determine the 
insulation resistance of the material is based on this re 
lationsh ). 


Experiments were carried out on cotton and silk of 
different sizes and colors to determine the extent of the 
relationship for each of the materials examined. For 
this purpose, several samples of each textile were sub 
mitted to two comparative tests, the first consisting in 
measuring the resistance of an aqueous extract of the 
material, and the second in determining the insulation 
resistance of the fibres after care fully conditioning the 
sample. Quite a fair resemblance, allowing for reason 
able experime ntal errors, was noticed between the quan 
titative relations found on different samples of the same 
material. This investigation permits the adoption, for 
each kind of textile used, of the minimum resistance re 
quired on a given aqueous extract of the material that 
could be considered as giving a definite guarantee as to 
the minimum specific d insulation resistance of the thread 
The electrical test on an aqueous extract Is added to the 
raw material specification, together with minimum re 


sistance requirements. 
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METHOD OF TESTING 


The experimental determination of the conductivity of 
the extract is done by the Kohlrausch bridge method 
(Fig. 1). The ararngement which in principle amounts 
to the measurement of resistance by the Wheatstone 
bridge method, is too well known to need further ex 
planation. 

The cell containing the solution, the resistance of 
which is to be measured, is of the Arrhenius type (Fig. 
2). The electrodes are silver or platinum disks covered 
with platinum black, approximately 4 cm. in diameter 
and fixed by welding to platinum wires sealed in glass 
tubes. These tubes are inserted into the ebonite cover of 
the cell to keep a constant distance between the elec 
trodes. The distance between the electrodes is deter 
mined by experiments carried out on the most frequent 
ly used textiles, in order to avoid as much as possible 
making readings at the ends of the logarithmically grad 
uated scale (ab). From the observed electrolyte conduc 
tivity, which evidently depends upon the capacity of the 
cell and thus on the cross section of the electrodes and 
the distance between them, the specific resistance of the 
electrolyte specified in raw material specifications must 
be deduced. First, however, the constant of the cell must 
be determined. For this purpose a comparison with elec 
trolytic solutions of known conductivity must be made. 
The results shown below were obtained with a cell of 
40.5 mm. diameter and a distance of 10.5 mm. between 
the electrodes, that is, with a capacity of 13.52 cc. The 
standard solutions used were potassium chloride and po 
tassium nitrate in the following concentration: 


N/50 KCI (1.49 gr. KC1 dissolved in 1,000 cc. distilled water) 
having a specific conductivity of 0.00267 mhos. at a tempera 
ture of 25° C. 


N/50 KNOz,g (2 g. KNOg dissolved in 1,000 cc. distilled 
water) having a specific conductivity of 0.00248 mhos. at a 
temperature of 23° C. 


Con- 
Tempera Resis- ductivity 

Average readings obtained ture tance mhos. 
(a) With the KCl solution. 25°C. 28 0.0357 
(6) With the KNOz. solution 28°C. 30w 0.0333 


Constant of the cell to be used for determination of the spe- 
cific conductivity: 
(a) Deduced from readings obtained on KCl solution 
0.00267 /0.0357—0.0748 
(6) Deduced from readings obtained on KNOz solution 
0.00248 /0.0333—0.0744 


A mean resistance of 30,000 ohms has been observed 
for the distilled water used. This has been neglected in 
the determination of the conductivity of the solutions 
as it does not affect the value of the cell constant to the 
four decimal points shown above. 


It will be noted that the constants obtained with the 
two electrolytes were practically the same. The constant 
of the cell adopted for the determination of the specific 
resistance of any electrolytic solution and deduced from 
the specific conductivity of the KCl solution was 


1 
—— = 13.36 
0.0748 


All resistance measured on aqueous extracts of tex- 
tiles, with the cell capacity as adopted, are multiplied by 
this constant to determine the specific resistance of the 
solution. 

The aqueous solution of the water soluble material 
content of the textile to be inspected is obtained by the 
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extraction of exactly 2 grams of the textil; 
water. A solution of 80 cc., corresponding to 
capacity of the cell, is used. The external y 
the spool may not be used for the extraction. 
almost certain contamination of the winding 
handling, is likely to be a source of incorrect 
The extraction is performed in two stages. In 
extraction, approximately 45 cc. of distilled 
gether with the sample, is placed in a 150 . 
beaker and heated to the boiling point. Car 
during heating to have the textile carefully pr 
means of a small glass rod in order to facilitat; 
traction of the conductive salts. The solution 

is poured into a graduated cylinder. Before start 
second extraction, the textile is pressed with t¢] 
rod to eliminate the solution absorbed by it; th 
nated quantity of solution is added to that in th: 
ated cylinder. A second extraction, similar to th: 
is then performed on the same sample by adding 
Pyrex beaker a quantity of distilled water equal 
difference in volume between 80 cc. and the 
already contained in the graduated vessel. Car 
be taken to bring the extracted solution up to th 


with cold distilled water in order to obtain a fina 


ume of exactly 80 cc. The resistance of the sol 
measured at a temperature of 25° C. 


A large number of comparative tests carried . 


different kinds and sizes of textiles made it possib! 


prescribe the following values of minimum resi 
for the aqueous extract, obtained as described 


from each of the materials considered. These values 
fixed so as to give complete assurance regarding t] 


sulating properties required from the material. 


Min. resistance al 
lowable on aqueous : 
Textile extract (obtained "esistance of the : 
with Arrhenius cell (constant of tl! 
described) 13.36 ) 


Corresponding 


Soft, glazed, and 
mercerized cotton, 
white or colored. 
Natural silk, white. 
Natural silk, col- 


1,375 ohms. 
2.000 ohms. 


Appr. 18,4002 cn 
Appr. 26,7002 c¢ 


IR ccriscceenccsercasecanes 1,200 ohms. Appr. 16,0002 er 
Cellulose acetate 
ERE hicketacsccsasmortaaioes 8,000 ohms. Appr. 40,0002 en 


Experiments have shown that textiles meeting 
above requirements give at least the following ins 
resistances measured on the fibres after conditioni: 


the samples: 


Min. insulation resistance all 


Size and kind of after careful conditioning of tl 


textile terial at a relative humidity of 


prior to testing 


20/1 cotton (wound in 


multiple ends)........ 8,000 megohms per end 
36/l cotton (wound in 
multiple ends)........ 14,400 megohms per end 


20/2 cotton 
30/2 cotton 


1,000 megohms per twisted t! 
6,000 megohms per twisted t 





By Pt : a ea es 8,000 megohms per twisted t! 
PAID secinenvecccthonsnatbns 12,000 megohms per tw isted t 


200/2 natural silk (white) | 950,000 megohms per twisted t 
Cellulose acetate silk 
(wound in multiple 
REID scsi con hacnrscateecaoens 7,000 mega-megohms per 
per denier 


Continued on 
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Fluorescent Screens for Cathode-ray Tubes 


art of “The Cathode-ray Oscillograph and Its Application” being vind rume) } 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. \ 


LUMINESCENCE tubes (this effect is most evident in gas focused tubes ) 
should not be confused with the cathode-ray stream. The 





X . ‘ 
Cathode rays are capable of producing chemical and ers at ge , 

n : : latter is invisible in itself, but its path can be distin 
thermal effects, and may also exert mechanical pressure ; 

‘ ane ss ; = ae guished because of the fluorescent action of ionized gas 
by reason of their impact. The production of light by the Sa 
° : . : . molecules. 

action of the rays on certain luminescent materials is a at 

uu . 1 . 
chemical reaction’ caused by the breaking up and subse 
quent reuniting of the molecules upon which the individ TABLE | 
ual electrons strike. It is generally believed that it is the 
recombination of the molecular components that produces Color of Best 

1. Salts* a eee a pee a 

; fluorescence and phosphorescence. The rays have a de Salt; Fluorescence Exciter: 

. oxidizing (reducing) effect. Zine sulphide villas ansen U\ 

The rays always have identical properties, no matter Zine sulphide ciilitin initia CR 

’ what type of gas may be within the tube, or what type Zinc sulphide (special blue white CR or UN 
of filament coating is used on the cathode. Many colors, treatment) 

k however, may be — ee different materials. Calcium sulphide deep blue U\ 

) Marked changes in color can be produced by compara Synthetic willemite yellow green CRy 
tively minor changes in the chemical structure. ‘The term Sodium flucride vellov UV or CR 
fluorescence was based on the property of fluorspar of Calcheaie sebianeie eS CR 
emitting light when heated. The effect can also be pro Uranyl potassiumsulphate yellow UV or CR 

n : : ae i } t 
duced in some substances by the action of light, heat, Sodium chloride (Type A) — pink CR 

0 ° r . ° - . e . 
radium, X-rays, chemical reactions and physical reac Sodium chloride (TypeB) — bluish white CR 
tions (such as that produced when certain crystals ar ieiibibdeiii dietidbie (Type <a CR 
broken or agitated). \luminum oxide (Type B) vellow green CR 

The record left on photographic emulsion by the direct | blue—low vacuum 
action of the rays, when a film is placed inside the tube Magnesium oxide (red—high vacuum CR 
in the path of the ray, is due to a chemical reaction. ‘The View chinside wveen U\ 
thermal effects are not so important for oscillographic a oe pink, redafterglow UV 
work but are becoming useful in many other fields. Elec Cadmium sulphate vellow UV or CR 
trons, each having a definite mass and traveling at a Calcisies dembene “ee CRorXk 
high velocity, dissipate their kinetic energy as heat. As eee = CR 
suming that no energy is used up in producing the fluo a co eo orange CR 
rescent effect, the amount of heat energy Cuprous iodide violet red CR 
_ : 7>* Potassium iodide green CR 
E=WN (%mv*)=— Lead sulphate blue CR 
a ? 2 ; 
a €/m Sodium bromide bluish white CR 
where N == number of electrons impinging in a unit Sodium todide greenish white CR 
time, m mass of an electron, and J == current in the Potassium chloride bluish white CR 
ray. Magnesium sulphate red CR 
1,2,3 ‘© & » 
FLUORESCENT SCREENS (Type A) 
Zine sulphate (Type A) red UVorCR 
While the cathode ray carries considerable energy, Zine sulphate (Type B) white CR 
and is capable of transmitting heat, etc., it is invisible. Zine sulphate (Type C) he CR 
The glow discharge between the cathode and anode and Calcium fluoride rreen CR 
between the anode and screen, which is visible in som: — blue CR 
1Bancroft. Chemical Production of Light. Journal Fray Cadmium silicate orange CR 
Vol. 175, 1913, pages 129-149. Caleite (B violet CR 
2The following references give many general data on fl 1oresce! ms : (1h) i 
Iniernational Critical Tables, Vol. 5, page 386. McGraw-Hl I Calcite (OO) red CR 
Co., 1929, ; pea ; 
Nichols & Merritt. Studies in Luminescence. Carnegie Institution of Calcite (L) green Ch 
Washington. . Sodium earbonate rreen CR 
Nichols, Howe & Wilbur. Cathode-Luminescence. Tables on Fluore - \ 
cence. Carnegie Institution, Washington, D. C., 1928 Minerals 
8See also: = ? 
Tanaka. Cathedoluminescence. Journal Optical S t Tatrral willemite vellow or roe 2 
Vol. 8, 1924, pages 287-318. é Natural willemite ellow green UV orCR 
Giesel & Zenneck. Die Verwendung des Zinksulfides d Braunsch Kunzite orange CRorXR 
Rohren. Physikalische Zeitschrift, Vol. 10, 1909, pages 3 ‘9 . Vet > 
I Kondatzki, Schleede & Schroter. Ueber die Ausheute ar cht barer Calcite (MP) orange CR 
cht bei der Erregung von Phosphoren mit langsamen Kathodenstral ‘aleite (ST : > 
} . ° par Ping ° , a» “ ; gree Ch 
len. Physikalische Zeitschrift, Vol. 27, 1926, page 392. — Calerte r) een I 
lomaschek. ttber die Fluoreszenz der reinen Salze der Seltet E1 Calcite S orange red CR 
den. Physikalische Zeitschrift, Vol. 34, 1933, pages 374-37¢ , a . 
Perkins & Kaufmann. Luminescent Materials for Cathode Ray Tubs Fluorite rreen CR, UV, XR 
44 ceedin 1s—Institute of Radio Engineers, Vol. 23, 1935, pages 1324 Cyanite A vellow CR 
Fonda and Collins. Cathode Ray Tubes in X-Ray Spectroscopy. Jow Cvanite B red CR 
nal American Chemical Society, Vol. 53, 1931, pages 113-12 ; 
_ Rogowski, Sommerfeld & Wohman. Empfindlicher Gliihkathaden Os« 
lographen fiir Innenaufnahmen. Archiv fiir Elektrotechnik, Vol *The col epend on th ntration 1 + ‘ eas 
1928, pages 619-624 given b terial will fluo th different col \ are 
‘lucker. Fluorescence. Annalen der Physik, Vol. 103, 1858, pas ote lesignated A, B, etc. 
+Fast rate of decay 
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It has been shown that a beam of cathode rays con 
sists of a stream of electrons shot out through the anode 
It is not, at any instant, a body of matter as is a stream 
of water issuing from a nozzle, but rather like a sand 
blast consisting of a large number of individual particles 
falling at random over the surface of the “spot.” It ear 
ries enough energy to disintegrate certain chemical com 
pounds——or at least the particular molecule of that com 
pound upon which the electron happened to fall. After 
accomplishing this much, its energy is spent, and the 
component elements of that particular molecule are left 
to recombine again, until such time as another electron 
happens along. In fluorescent substances this recombina 
tion is rapid and when it takes place a bright glow is 


emitted. In certain other substances the action is slow 


and the effect is one of phosphoresce nee. The two effects 
are similar, differing only (as far as this action is con 
cerned) in the time taken to recombine, and the line of 


demarcation is not well defined. 

It is possible that phosphorescence is always present 
and that the afterglow aids in making the trace of the 
beam more apparent to the eye. If there is too much of 
it, however, the recurring movements of subsequent 
waves may tend to obscure the pattern. It also blurs 
photographic records on a moving film. 

It is found that the more rapid the recombination of 
the elements, the brighter the fluorescence. Some of the 
common compounds, used for their strong fluorescent 
properties in cathode ray tubes, are listed in ‘Table I. 

aking up the various salts listed in the table, a few 
idditional notes may be of interest. Zine silicate is fluo 
rescent in either the native state: willemite ore, the 
orthosilicate 2 ZnO-SiO., or the synthetic crystals—meta 
silicate (ZnO-SiO.,), although carefully prepared crys 
tals of the latter are somewhat more sensitive. Often, a 
small quantity of other salts will improve the brilliance, 
as for instance tellurium nitrate. Impurities may be 
driven off without destroying the fluorescent properties 
by heating to redness, in the case of nearly all inorganic 
fluorescent materials. 

In Fig. 1 the actinic characteristics of a standard 
willemite screen, from data published by the RCA, is 
shown by the shaded curve. The normal visual curve of 
the eve Is also shown for reference. The color sensitivity 
of three types of photographic plate emulsions, under 
ordinary operating conditions is shown by the three 
curves: O- ordinary or standard emulsion; C — ortho- 
chromatic; and P— panchromatic plates. The use of the 
correct type of plate in many cases may obviate the need 
of a special actinic screen for photographic recording. 

Special screens are now available with many makes of 
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tubes, which are several times as effective 
graphic recording. In Fig. 2 a comparison is 
tween the wavelengths of the normal willemit: 
colored screen, marked N, and the fast screen 
for photographic uses F’, taken from curves publ 
the RCA. In interpreting such curves it must 
tioned that the cut-off point for any wavelengt! 
definite line as shown, but is gradual. the curv 
senting trends only. The ordinates of the curve 


2 are not ne cessarily to the same scale. 


DECAY CURVES 


Beside having different actinic intensity, th 
screen and “fast” screen have different decay 
\ normal screen, as is characteristic of most of 
lemite screens, has re lative ly large phosphor 
which might give trouble in photographic recordi: 
moving film. The “fast” screen has a decay period 
than 25 microseconds. When a phosphore scent eff 
ists, the persistence actually depends somewhat 
initial excitation strength. From rough comp 
based on photocell measurements on normal w 
screens, it seems that the decay (expressed as a ] 


age of the initial brilliance) is proportional to 0. 


divided by the time interval, in seconds, after 
moval of the excitation. 


Much has been published recently on slow and 


screens. Inasmuch as there is no definite stand 


reference, the following definitions will be used lhe 


1. Fast screens have a decay period of th 
100 microseconds or less. 

2. Normal screens have a decay period of th 
of 0.02 second. 

3. Slow screens have a decay period of th 
0.5 second or more. 


SCREEN TECHNIQUE NOTES 


CaS gives a brilliant trace especially when 
with a strong bombardment, but for weak rays ‘ 
may give better results. ZnS has a somewhat 
phosphorescent action so the trace remains s01 
longer on the screen. Combination salts can be 1 
possess strong phosphorescent effects often last 
minutes. 

The preparation of the material, its purity, 
and the type of binder used, all contribute to th: 
so that reports on one substance by different 
gators vary somewhat with regard to fluorescent 
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Fig. 3 


fany other materials that have been found to glow 
under the action of ultraviolet and other types of radia 


lu 


tion might be used. In selecting a material, the sensitiv 
ity to such bombardment is of prime importance, but per 
manence must also be considered, and it must not disin 
tegrate when heated during the evacuation process, as 


organic materials will do. 

[t may be found advantageous to combine two or more 
substances to produce a glow suitable for either photo 
graphic or visual work, such as has been done in the 
Western Electric Type 224 tube, in which a mixture of 
calcium tungstate and zine silicate is used. It also is 
possible to combine a fluorescent material with one that 
exhibits phosphorescence in certain ratios to increase the 
“apparent” brightness for visual work. 

Technique varies in the matter of depositing the sub 
stance permanently on the surface of the glass or mica. 
Ordinarily the finely powdered material is sprayed or 
painted on after being mixed with a suitable binder, such 
as enamel or waterglass. Inasmuch as many of the binder 
cements discolor under the intense heat of the cathode 
ray when the spot remains stationary for an interval, the 
fluorescent material is often floated on in a solution of 
pure water which is evaporated. In some cases the pow 
der can be dusted on after the surface is freshly coated 
with the cement. The materials used for binding oxide 
coatings in vacuum tube cathodes are used also. It has 
been suggested that potassium silicate has advantages 
over sodium silicate (waterglass) as a binder. 

It is not necessary that a thick coat of the salt be ap 
plied as it is the surface only that is acted upon by the 
rays, and the fluorescent spot must be visible on the op 
posite side of the screen. For this reason, the sereen 
should be as translucent as possible. 

Tests have indicated that a certain grain size (rather 
larger than that suitable for such screens), gave a more 
intense fluorescence, but the luminosity when viewed 
from the back side was considerably reduced by reason 
of the decreased transparency of the larger crystals. Ma 
terials and methods used for X-ray fluoroscopes are suit 
able also for this purpose. 

Fig. 3 shows the tube used in these tests: fitted with a 
ground joint in order that various fluorescent materials 
could be inserted. 

Since the fluorescent action of any particular material 
depends upon a transformation of energy the actual bril 
liance is proportional to the “mass” of the electrons in 
the jet multiplied by the square of their velocity at the 
instant of impact. Since electrons are identical, their 
mass may be considered as proportional to their number. 
The velocity is in general proportional to FE, so that the 
brilliance kN E,°, where k the fluorescent con 
stant of the material, NV the number of electrons strik 
ing the screen per unit area in a unit of time (i.e. the 
current density) and FEF, refers to the anode potential. 
With low velocity rays, this relation must be modified 
somewhat, as there is some energy loss in the transfor 
mation (probably due to thermal action), with the result 
that a certain energy level must be reached before any 


visible fluorescence is noticed, as brought out in the 
studies of Lenard. The amount depends upon the mate 
rial used on the screen and its temperature. The above 
relation is thus equal to (A NE k’ N) where k’ is 
ilso a constant depending upon the fluorescent material 

Exc pt in unusual cases it will be found that no fluo 
rescence is produced be low i certain inode pote ntial 
While the above relation may be partially responsible, 
the main effeet is due to a negative charge accumulating 
on the sereen and walls, which repels the slow speed 


electrons and preve nts their reac hing the screen 


PHOTOGRAPHIC SCREENS 


As indicated in the table, the type of material on the 
screen is important in the photographing of diagrams 
When clear pictures are required with a short exposure, 
permanently sealed off tubes (as distinguished from 
tubes that are arranged so that a film is inserted dire¢ tly 
in the cathode ray stream) should: 

1) have sereens coated with a material active photo 
graphically, such as CaWO, ; 


2) use a high accelerating pot ntial 


A possibility has been suggested of having the end of 
the tube opposite the screen COMPpOse d of fused quartz or 
a type of glass that passes the shorter wavelength radia 
tions, 


| 


For visual work with ine xpensive tubes. it is possible 


to “get by” without a screen, using the fluorescence of 
the glass as the indication of the path. The Corning 
Glass Co. has developed a special glass that fluoresces 
with a bright canary color when activated, although any 
glass will fluoresce more or less. 

It has been stated’ 


obtained with a fluorescent screen composed of a mixture 


that satisfactory results were 
of sulphur and minium (presumably Pb.O,) dusted on 
the external surface of the bulb. The passage of the 
“spot” over the inside surface of the glass leaves a 
charge, and the fine powder clings to the outside of the 
glass along the path of the “spot.” The powdered sul 
phur (ve llow ) provides color contrast. 

It has been suggested that for certain uses where a 
slowly disappe aring phosphors scence 1s required, i thin 
laver of phosphorescing material can be coated on the 
outside of the screen, to be energized by the Jum nosity 
of the inner fluorescent screen. 

The ene roy transmitted the le noth of thre tribe ean he 
collected on a metallic sereen and measured. Tt has been 
suggested by Langmuir that many measurements (such 
as of power) can be made by comparing the energy col 
lected by various parts of a metallic sereen cross-divided 
into sections. This principle has been utilized by Zwory 
kin in his television tube, the Tconoscope. Langmuir also 
mentions’ a screen of a re fractory metal which would be 
heated to incandescence by the impinging rays and _ the 
path the reby made visible 


CALIBRATION SCALES~ 


In making measurements and in copying diagrams 


(ry 
from the screen, a transparent template or scale, ar 


ranged to be placed against the screen, is often useful. 


(Seles Tel lurch Kathodenstrahien hewirkt 
ladur Gl n. Zeitschrift fiir Technical Physik, Vol 

Seleny Ueber die weitere Entwickl 

cher Ladunger Zeitschrift fir Tecl Pi 
| {R29 
6Schnabel. Fluorescent Materials for Televisior nd Catl t QO 
ph Use Irchin fir Elektrotechnik. Vol 

I gmuir. Focusing Electrode and Screen Design. 1 

1961 

8Wood. The Cathode Ray Oscillograph. Jour ly 
Engineers, Vol. 63, 1925, pages 1046-105¢ 

9MacGregor. Morri & Mine Me rement vith th ( 
Oscillograph. Jours Institute ze: tri Ena , \ 


es 1056-1096. 
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Fig. 4 


Fig. 4 shows reproductions of a number of such scales.*° 


The holder can be attached to the shield of the mounting 
stand so that it can be rotated in a plane parallel with 
the screen. The markings must coincide with the axes of 
the figure, and so may be shifted up and down and back 
and forth a small amount. 

The scales are on transparent celluloid and are en 
graved and filled in with black ink. In some cases it is 
desirable to roughen the surface of the scale somewhat 
so that records can be written down immediately, and 
the diagram traced directly on the scale. Permanent rec- 
ords can then be made by blueprinting. 

The scales illustrated are representative of the gradu 
ations found particularly useful. In Fig. 4a both vertical 
and horizontal lines are provided. Inasmuch as the actual 
calibration of the deflection may not be constant over the 
whole surface of the screen (a point dealt with in the 
August article) it is desirable to graduate the scale from 
the experimental calibration data. In Fig. 4b the hori 
zontal deflection is graduated as a sine scale (useful when 
a sinusoidal time base is used). In such applications it is 
necessary to adjust the amplitudes of the timing wave 
to correspond with the maximum value of abscissa. In 
tc the divisions in each direction are in accordance with 
the sine law. A fourth type (4d) is used with circular 
or polar time base. Many other scales will suggest them- 
selves which may be used on occasion, such as logarith 
mic, ete. 

When the tube has a screen coated on a sheet of mica, 
care must be taken so that parallax does not affect the 
reading of various deflection amplitudes, since a consid 
erable distance is found between the screen and the scale 
parallel with it. 

In calibrating a tube using deflection plates, a series 
of steady and known voltages, having definite steps in 
value, are applied in one direction, while alternating po- 
tentials of sufficient value to produce full scale deflection 
are applied in the other direction. A series of lines are 
obtained, which should be parallel with one another.” - 


Batcher. Applications of the Cathode Ray Oscillograph 
Institute of Radio Engineers, Vol. 20, 1932, pages 1878-1891. 
11Wilmott A Method of Measuring Cathode Ray Tul Figures 
1 F» blin Institute, Vol. 209, 1930, pages 8 813 
MacGr r-Morris & Wright. Accuracy of Measurements with Gas 
Fil Cathode Ray Tubes. Journal Institute of Elect» Engineers 
\ 1 32. p g 
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The connections are then reversed and 
peated, whereby a coordinated screen is obta 
calibration for the deflections. By making th 
tential increments exactly integers (say five 
steps) this graph can be transferred to a t 
piece of ce lluloid as in Fig. ha. A screen of thi 
be placed against the diagram and potential 
any deflection can be determined directly. 


SHAPE OF SCREENS 


Curved screens with the fluorescent mater 
directly on the inside of the glass are usually | 
There has been much more concern about the er; 
duced by such a screen than conditions warrant 
treme accuracy (if such is possible with this 
oscillograph) it is of course necessary to ma 








Fig. 5 


allowance, but one must know the equation for the pr 


file of the screen (sometimes the segment of a sphere of 
radius r, Fig. 5). It is found, however, that the corr 
tion is rarely large enough to bother with in tul f 


normal length, as will be shown. 

Partial compensation is made by making measur 
ments directly along the glass, which gives a value mor 
nearly equal to the true deflection than any other meas 
urement. No correction at all is necessary when all points 
of the diagram lie approximately equidistant from th: 
center. 

It can be shown that still another effect is pri 
which introduces an error of equal rank with the for 
going. It might actually compensate to some extent for 
the effect of a curved screen. When an electron 
through an electrostatic field at an angle, it is influ 
to a greater extent than if it had proceeded str 
through, since the length of path is longer. The se1 
ity thus depends upon the deflection, and a ray defl 
somewhat by the first pair of plates is deflected | 
second set of plates more than a ray not deflect 
tially. 

This effect is small and difficult to compute or c 
sate for. It is mentioned to bring out that al! ca 


ray tube diagrams have small inherent errors’ and 


} 


major conclusions based on small deviations foun 
measurements are unwarranted. 

The electrostatic deflection sensitivity can 
creased in one direction, by the use of a special 
within the tube that is inclined at an angle to t 
of the tube. This might be obtained by the u 
coated mica sheet. 

In order to be of greatest utility, however, it 
essary that the jet be focused in such a manner 
difference in the length of the ray path, as de! 
occurs, does not upset the focus. It also is necessa 
the screen be aligned accurately with the norn 
of deflection. Finally, in order to equalize the d 
so that it will be linear with the deflection volta 
necessary to warp the screen (8) so that thi 
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is satisfied at each point. As in Fig. 6, “d” and ‘“‘d” rep 
resent the ray paths from deflection plates to the screen. 


FREQUENCY ERROR 


When high-frequency potentials are applied to the 
deflection plates a frequency error will be found in the 
amplitude of the deflections. The frequency at which this 
error might become noticeable depends upon the anode 
potential. With low potentials the electrons travel at a 
slow speed and the deflection will follow different laws 
from those assumed for the derivation of the charts in 
the August and September articles and the equations as 
sociated therewith. 

To illustrate this effect, assume that the length of a 
pair of deflection plates is two inches, that the anode po 
tential is about 100 volts, and that 60 megacycle poten 
tials are applied to the plates. This is an extreme exam 
ple as approximately one-half period is consumed by an 
electron to traverse the path between the plates but it 
illustrates the principle mentioned. 

Those electrons that enter the field between the plates 
at the beginning of a cycle follow a path between the 
plates approximately that shown in curve 4, Fig. 7. The 
ray emerges at 4 at an angle of practically zero and it 
eventually reaches the screen with a total deflection prac 
tically the same as that which occurs between the plates. 
In other words, there is no magnification. Electrons that 
enter the field 90° later in the cycle follow a curve some 
what as indicated in curve B. Although smaller deflec 
tions occur between the plates, the emergent direction is 
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at an angle with the axis so that the ultimate deflection 
on the screen is much greater. Since a continuous stream 
of electrons enters the deflecting field a continuous lin 
will appear on the screen as a result, which will resolve 
into a solid sine wave upon any transverse movement du 
to other deflecting forces. 

At lower frequencies, say about a tenth of the for 
going critical frequency, the beam focuses in a short lin 
instead of a point, the length of which is greatest when 
spot is at the center of screen.* 

The above analysis is given to point out the effect onl 


*This effect is in addition to the lack of focusing at high-frequency 


am ; ; 
lefiections in gas focused tubes, which effect is taken up elsewhere 
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is it is not possibli to g 
which might serve in making corrections. Higher anode 
potentials must be used when these frequencies are being 
investigated. 

This effect calls to mind an assumption made in the 
derivation of the sensitivity formulas: That the total de 
flection on the screen depends upon the actual value of 
the deflection that oceurs between thi plates, whereas it 
wtually depends upon the angular change in direction 
that the beam has upon leaving the field due to the 
plates. As long as the speed of the electrons is great 
enough so that the potential on the deflection plates is 
substantially constant during the interval taken by an 
electron to pass between them, this is true, and a 
tangent to the curvature of the path at the point where 
it leaves the field will intercept the normal axis opposite 
the center of the plate S 


INSPECTION OF TEXTILES USED FOR 
ELECTRICAL INSULATION PURPOSES 
Continued from page 


The insulation resistance is determined on a thread 
closely wound on a width of 50 mm. around two gold 
plated electrodes distanced so as to obtain threads hay 
ing a free length of 21 mm. between electrodes. Th 
electrical circuit used is shown in Fig. 3. A direct-cur 
rent tension of 105 5 volts is applied. The measuring 
is done as soon as the galvanometer shows a constant de 
flection. Care is taken to have the reading noted as quic k 


ly as possible (within a time not exceeding one minute 


ST.M 
>in —-@ 
fs > 
SH 
0.C.105t 5V. —W TEXTILE WINDING 
——— eas - 


Fig. 3. Electrical Circuit Used for the Measurement of Insulation 
Resistance 
ST.M—Standard Megohm 


G—Galvanometer 
SH—Shunt of Galvanometer. 


Prior to the test, the samples are carefully conditioned 
inside a humidity chamber at a relative humidity of 85% 
and a temperature of 387° C,. for a time sufficiently long 
to obtain complete equilibrium of the material. It may 
be noted that the testing arrangements adopted with. r¢ 
gard to applic d voltage, material of electrodes, and meas 
uring time. were taken with a view of reducing to a 
minimum the effects due to the well-known polarization 
and Evershed phenomena which often lead to anomalous 
resistance values. 

The resistance values specified can only be reached 
with textiles showing a high degree of purification. Con 
sequently they involve the necessity, on the part of the 
supplier. for thorough washing of the material. Un 
washed textiles often show resistance one-fiftieth of the 


values indicated in this article 


Foxboro Company Expands 
Ihe Foxboro Co. has acquired an interest in the Atlantic 
Precision Instrument Co. of Malden, Mass., makers of “Ver 


yraph” gages for moisture content of paper and_ thickn 


of dielectrics. Albert Allen and W. H. Hlowe of Atlantic go 


wer to Foxboro—the former on “Verigraph” ile nad the 


latter in Foxboro’s Research Department 
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Air Velocity Regulator 


ened to maintain a constant ve 
of air in a duct by commanding a 
er located in the intake to or dis 
from a fan, or by controlling the 
of the fan through a hydraulic 
iw or a pneumatic rheostat coup 
controller 


this new automatic 


ht out by the Powers Regulator 





Co. consists of a circular vane mounted 
a pilot air 
located 


on a lever which operates 
valve mechanism. ‘The vane, 
within the duct in the air stream, may 
be inserted through the top, side or bot 
tom of the duct. Velocity changes cause 
movements of the lever which operates 
the air valve, tiiereby actuating the dia 
phragm motor which operates the con- 
trolling unit. The regulator can be 
furnished to pass air with an increase of 
velocity, or to exhaust air with an in 
crease of velocity. It is provided with 
supply and damper air pressure gages. 
It will respond to an air velocity varia 
tion of 10 f.p.m. Dimensions: Height 
91,”, width 5”, depth 5” 


24-hour Time Switches 


Wide adaptability, simplicity and low 
cost installation are said to characterize 
the new “Types T-17” and “T-27” with 
which the General Electric Co. rounds out 
its line of automatic time switches (see 
Instruments, Vol. 6, 1933, pages 88, 178, 
179, 227; Vol. 7, 1934 page 103). The for 
mer will control almost any electric circuit 
on a schedule related to the time of 
day and can be set to skip Sundays and 
holidays; the latter is not equipped with 
this omitting device. The standard 
switches are designed for a-c. circuits, 
115 and 230 volts, current rating 40 
amps. per contact. Either a plain dial 











(for fixed time setting) or an astronomic 
dial (for sun schedules) or certain com 
binations of both ean be furnished. Drive 
is Telechron motor and spur-gear train 
Switching 


make and 


mechanism ope rates quick 
break silver contacts Pro 
gram is determined by small riders 
(clamped to the periphery of the time 
dial at 
thumb-screw 


ping lever, thereby 


points by means of 


s) which engage switch trip 


st le ete d 
ilternately forcing 


contact buttons apart ind allowing them 


to close. An index indicates the position 
of the switch. These instruments are 
available in six forms: Single-throw 


single-, double-, and triple-pole; double 


throw—single- and double-pole; and two 


circuit) with separate break 


Electric Thickness Gage 

For measuring the thickness of porce 
lain enamel, paint, or other non-magnetic 
materials such as celluloid, glass, mica, 
etc., ipplied to or laid on flat sheets or 
plates of steel 
or iron, an elec 
tric gage intro 
d | the 


lee 






duce \ 
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( tric Co. permits quick 


measurements not only 
at edges but wherever a 
flat surface 1” in di 
ameter can be found 

When the face 


enamec Fim fiend is held in 
STEEL 





i : = —— contact with the 


SAMPLE ocurface of the ma 


terial to be measured, the thicknes Is 
indicated directly. Because of its light 
weight (! lb.) the gage head can be 
moved readily. Operation is based upon 
the reluctance of a magnetic circuit pass 
ing through a coil in the gage head and 
through the steel under the film: the 
greater part of this reluctance is pro 
duced by the non-magnetic material (o1 
equivalent air gap). The indicating in 
strument is first adjusted to read cor 
known thickness of non 


rectly with 
magnetic material (or a known air gap) 
between the gage head and a sheet of 
steel as used with the material being 
measured. It can then be used to indi 
eate the thickness of enamel within the 
range for which it has been set. Stand 
ard thickness ranges: 1-5, 2-10, 10-50 and 
20-100 mils, a separate scale on the in 
dicating instrument being required for 
each. Double-range indicating units are 
available, as is also a unit of modified 


design for measuring films <1 mil thick 


of the gage 
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Thwing-Albert Instrument Co. 


3323 Lancaster Ave., Philadelphia, U.S.A 














The 
MICROMETER FREQUENCY 
METER —1; measurements in the radio 


field—is proving its precision and stability 
in transmitting stations, in educational, manu 


facturing, and research organizations. 
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Automatic Reset ‘Timer 


Added safety in starting a series of 
operations is among features of the Au 
tomatic Temperature Control Co.’s new 
“ATC Reset Time Control.” This device 
starts electrically a series of consecutive 
or overlapping operations on a desired 
schedule. In addition to providing accu 
rate timing, the unit is designed to re 
turn to original starting position in event 
of fuse blowout or other power failure. 


ttintodk AAA RA < 
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Other interruption, as the failure of an 
automatic die-casting machine to com- 
plete an essential movement, causes the 
timer to reset and await a signal to re 
start. The unit illustrated is arranged to 
start a series of ten electric motors on a 
schedule which avoids heavy surges in the 
power line. Other units governing more 
or fewer than ten operations are avail 
abie. Timing accuracy is gained by ad 
justable cam construction and by the 
fact that starting and resetting actions 
require no re-meshing of gears. The driv 
ing clutch engages the cam shaft instan 
taneously. 


Portable Drafting Machine 


Combining a drawing board and a 
drafting machine, the “Drafto” is made 
in four sizes, that illustrated taking 
sheets up to 15”20” and others 1218, 
10X15 and 9 12——this smallest one fit 
ting a brief case. Any of these can have 
its mechanism mounted vertically to 
make it particularly suitable for patent 
drawings, typographic layouts, ete. Pa- 
per clamps do not interfere with move 
ment of scales: scarcely projecting above, 
they are tightened underneath the board, 
the screws forming rests which tilt the 
board at a convenient working angle. 
Protractor clamping device is said to 
have been highly perfected. Some scales 
ire detachable. The Drafto Co. announces 
also two sizes of separate mechanisms 
ready-to-attach to drawing boards. 
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Tank Discharge Control 


Rate of flow of liquid from tank bot 
tom is automatically controlled (held 
constant or varied at will) by the “De 
canter” brought out by Proportioneers, 
Inc. This equipment is either supplied 
for mounting on a tank in the field, or 
complete with a tank of specified size. 
It positions a rubber weir block by 
means of a motor-driven screw. The mo 
tor can be supplied for constant- or var 
iable-speed. An alarm bell is sounded 
when the weir has approached the low 
limit of its travel, indicating that the 
supply of liquid is low. Suitable for 
handling any liquid, including acids, the 
unit illustrated can be supplied with rub 
ber lining for handling ferric chloride, 
etc. 


Full-range 


Wide range, precision, simplicity of 


operation, and convenient arrangement 


of instruments and controls are some of 


the features of a new full-range perme 
ameter equipment announced by the 


General Electric Co. It is suitable for 


both research and plant laboratories. In 
developing new magnetic alloys or in 
testing commercial specimens, it is em 
ployed for determining the magnetiza 
tion and hysteresis characteristics of 
magnetic materials. Either sheets or solid 
magnetic materials may be tested. The 
normal range of tests is from H 0.01 
to H = 1000 oersteds but higher mag 
netizing forces can be attained for short 
time periods. This range makes it possi 
ble to obtain complete magnetization and 
hysteresis characteristics of most mag 
netic materials. Results are reproducible 
and accuracy of measurement is of the 
same order as that obtained with present 
permeameters. The permeameter (Fig. 1) 


Mobile X-Ray Equ 


The great weight of by 
stills and other large we 
vessels to be inspected I" 


sary to move the X ray eq 









vessel and along the length 
large X-ray equipments, 
vreat weight. Illustration 
tion of this problem in 

special electric truck built 


Industrial Truck Div. of tl 
Raulang Co. for a 61/%-ton X-1 
tion equipment manufactur 
General Electric Co. The mot 
of the truck is used only to n 
full length of the vessel being « 
from one -job to another the « 
sembly of truck and X-ray equiy 
carried by the overhead crane 
in all shops where large pressur 
are fabricated or inspected. Thi 
usine the mobile unit in sl! 


rough floors. 


Permeameter 


requires but one test specimer 
may be of either strip or bar for 
1%4¢” wide (Epstein width) 


thick and of any length >10”. The test 


is relatively easy, by reason of 
plicity of the method involved 
convenient arrangement of the 
ments and controls. The equipment i 
sembled in a convenient table for 
2) completely wired and ready f: 
tion when the instruments ar 
place and connected. It is designe 
erate from a constant d-c. vol 

ply of 120 volts. It consists of the 

ing items: (1) testing table \ ( 
rent control rheostats and swit« 2 
magnetic reversing contactors; per 
meameter; (4) multirange amm« 
compensating mutual inductor; 

listic galvanometer; (7) gal 
control box and calibrating mi 
ductor; (8) galvanometer lat 
and scale; and (9) reference s] 
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P. A. Attenuator 


h Laboratories announce a new 
itor specially designed for P. A. 
rtable equipment and said to meet 
mand for a low-priced unit of wide 


range and of 


remarkably 
small dimen- 
sS4ons (33" 
diam. x 1134, 
depth). It has 
22 steps of at- 
tenuation cover- 
ing a range of 
50 db. It is said 
to be ideal for 
n the laboratory in experiments re- 


” 





quiring low d-c. or a-c. voltage, as in 
chemical, physical and medical research. 
For instance, by connecting two of these 
ittenuators in series and connecting a 
15 volt battery to the input leads the 
output will give voltages from 0.000047 
yolts. These attenuators can be supplied 
with special dial plates permitting re 
moval of unit through front panel for 
easy servicing. 


Duct Jet Attachment for 
Air Velocity Indicator 

Illinois ‘Testing Labs., Inc., has brought 
out the device illustrated in order to con 
vert the “Boyle Velometer” (see Jnstru 
ments, July 1935, page 191) from an 
open-stream or “wind” velocity indicator 
into a direct-reading current meter suit 
ible for making velocity traverses of 
ducts. The attachment has two openings, 
facing in opposite directions, so that an 
ir-stream filament passes through § the 
indicating instrument and is returned to 
the same location in the cross-section of 
the duct. Static pressure errors are elim 
inated. 


High-speed Automatic Potentiometer 


The balancing circuit is continously 
ind rapidly adjusted by photoelectric 
control in an automatic potentiometer 
imnounced by the Weston Electrical In 
strument Corp., which provides a sensi 
tive means for indicating or recording 
voltage or current at ranges as low as 2 
millivolts or 5 microamperes full-scale, 
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or even lower if required. It is said that 
temperature, pH and other magnitudes 
convertible into small values of electrical 
input may be indicated, recorded or con- 
trolled with a speed and precision hith- 
erto unattainable. The instrument fur 
nishes an indicating current capable of 
operating at any distance a number of 
indicators, recorders, control relays, ete. 
It contains no moving parts other than 


the galvanometer itself, which has no 
control torque and is free of zero drift. 
Deflection of this mirror galvanometer 
varies the relative illuminations of a pair 
of phototubes in a bridge circuit (Fig 
1) connected to the grid and cathode of 
a vacuum tube and so arranged that the 
changing light differential between them 
results in a change of grid voltage. This 
change in grid voltage, in turn, electron 
ically readjusts the indicating current to 
balance the circuit across the standard 
resistor. The circuit will hold itself in 
balance constantly, and immediately re 
adjust itself for any change of input 
value. Balance involving a_ full-seale 
change in indicator deflection is said to 
take place in a fraction of a second. This 
system of balancing is independent of 
elements other than the value of the 
standard resistor and the instrument giv 
ing the final readings. Changes in sup 
ply voltage, vacuum tube characteristics, 
photocell efficiency, light source intensity, 
ete., lie outside the critical circuit. Thus 
the instrument can be used on the regu 
lar power supply and need not he 
checked iv iinst a standard cell The 
standard resistor is arranged for plug-in 
connection, so that the range of the in 


strument can be changed at will 





Absolute Pressure Gage 
The Foxboro ¢ innounces the devel 
opment of a new avsolute pressure gage 
having a unique method of compensating 
for changes in barometric pressure. The 
pressure measuring and barometric con 
pensation units ire mounted together, 
forming a complete and integral actua 
Ing movement [wo “hydrons,” one mea 
uring direct) pressure and the other 
barometric pressure, are 
that their pressures directly op] e en 
other. The compensating “hvdron” whicl 
is sealed under full vacuum exactly coun 
terbalances the barometric etfeet on the 


main pressure “hydron,” permittu 





latter to measure only true absolute pre 


sure. This method is comparable with the 
manometer method of measuring differ 

ential pressure, whereas previous meth 
ods could be likened to the method of 
using two pressure gages, a small error 
in either pressure reading ometime 

amounting to a large percentage of the 
differential. New design doe iwayv with 
all unnecessary linkage. Lost motion is 
thus eliminated. The new gage is protect 

ed against overrange, is light and port 

able, and contains no liquuid to pill or 
lose its seal. It can be equipped with the 
Foxboro “Stabilog” 
for automatic control 


mechani m and ou ed 


Piezoelectric Calibrator 
Accurate checl of oscillator frequen 
cies are made po ible by mean ol l 
new crystal calibrator announced — by 
RCA Parts Div. of RCA Mfg. Co. Thi 
IS A pecial ery fal 
oscillator with 4 
Prequenes mode 
(100 and L000 ke 


each having proli 


fic harmon It 
temper ture coeffi 
cient j "0 evel 

Ik¢ e. i es one 
RCA-955 rc orn 
ty pe Radiotr 

Power su ( 
quired i 110-126 
volt, 51D-H0 ecvele 
Le. (90-135 volt 
d-c¢ plate upply 


HAY he connected 
externally for un 
modulated opera 
tion if required) 
Power consumption, 2 watts. Size, 5 . 
37, "x25 Weight, 19 oz 
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Multipole Magnetic Contactor 


\ compact new multipole magnetic con 
tactor, designated as Size 0 and rated 2 
l.p., is announced by the General Elec 
tric Co. It is intended for use either with 


small ingle phrase ind polyphase 1-c. 
motors, or a t flexible relaying device 
for complicated control systems, such as 


are used on machine tools. It is available 
with either normally open or closed con 
tacts, or with a combination of both. It 
may be controlled remotely through 
push-button stations, limit switches, or 
other pilot devices. Any two forms of 
the contactor may be combined = and 
mechanically interlocked either vertically 
or horizontally. It can be mounted either 
is an open-type contactor or as an en 
closed switch, being obtainable also with 


enclosing Cases, 


Mill-type D-c. Contactors 


A new line of d-c. contactors intended 
for the severe service encountered in 
steel-mill applications has been brought 
out by the General Electric Co. Desig 





nated as “CR-2800,” they are equipped 
with rocker bearings, which are prac 
tically unaffected by wear. They are con 
structed of heavy cold-rolled steel and 
are designed to facilitate inspection of 
parts. All frames are drilled for mount 
ine mechanical and electrical interlocks 
so that these devices can be added, if de 


sired, after installation. 





TUBULAR RHEOSTATS 
COMPLETELY RECONDITIONED 
Singl ind Double Slide Types 
Some Screw Drive 8”. 16” and 20’ 
ALL RANGES 
LOUIS J. WINSLOW 
134 Sussex Ave. Newark, N. J. 
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Moisture-content Computing 
W eigher-printer 


An automatic weigher which indicates 
ind prints what a piece of cloth would 
weigh with a definite moisture content 
has been developed by the Toledo Scale 
Co. Essentially it is a modification of the 
Toledo Variable Leverage Auto-Gage, so 





PRINTER 
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PRADUATE D, . 
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irranged that when, for example, a bolt 
of cloth with a known actual moisture 
content is placed on it, the indication 
represents what that bolt of cloth would 
weigh if it had the percent of moisture 
on which commercial transactions are 
based. Through operation of a Toledo 
Printweigh this same base weight may 
be printed on a ticket, on a tape inside 
the device, or on both. Drawing shows 
application for bolts of rayon cloth, but 
equipment is suitable for bales of cotton, 
wool, sulphite pulp, ete. 


Automatic Weigh 

Packaging Powde: 
Toledo Seale Co. annow 
zation of a combination 


ind other equipment (of 
other manufacture) where} 
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ing material (granular, cry 
powdered) is automatically we 
into predetermined loads and 
automatically discharged into 
rel or other container. Includi: 
tor conveyor, a double photoel 
off, a properly selected ‘Toledo 
long graduated beam and 
three hoppers each designed f: 
cific function, the new. asser 
bines a high degree of automati: 
a high degree of accuracy and 
require little attention 


Circuit Breakers for Lighting and Power Circuits 


“Type AB-1 De-ion” circuit breaker 
has been developed by the Westinghouse 
Electric & Mfg. Co. to give individually 
enclosed circuit breaker protection for 
main services, light and power wiring 
systems. This device, requiring no ele- 
ment to renew after circuit interruption, 
provides a completely enclosed, non 
tamperable unit to replace fuses, fused 
switches and other similar circuit pro 





tectors. These enclosed breakers require 
approx. 40% less mounting space than 
the conventional fused safety switch. The 
\B-1 breaker provides safety to the op- 
erator, as no live parts are exposed. Rat- 
ing are 15-50, 50-100, 50-225 and 225-600 
amp. either 250 volts a-c., 125/250 volts 
d-c., or 600 volts a-c., 250 volts d-c. On 
all frames except the 15 to 50 amp. size, 
the thermal and magnetic trip is built as 


i separate unit so that the bre 
can be changed by changing thi 
Within the capacity limitatior 
various frames, trip units are 
in ratings corresponding to 
wire and cable sizes. These bre 
be furnished for practically 
of service. All enclosures except 
ed neutral enclosures have ar 
cast handle, self-indicating, that 
the molded breaker handle to 
ease of operation. Breakers « 
operated from outside the ¢ ibine 


“off’—or “reset.” Left-hand phot 


dust-resisting breaker; right-hat 
shows weatherproof model. 


Pocket Spring Scale 


In size as well as in appear 
closed, the new “Postalett” bri 
by The Exact Weight Seale ¢ 
bles a fountain pen. (Both cap 
rel, however, are decagonal i 
smoothly cylindrical—to prevé 
off.) To use, remove cap, hold 
tically and suspend the ob ject 
combination clip and eye. ¢ 
oz. Zero adjustment is readily 
and requires no tool. Manufa¢ 
erature dwells only on conveni 
used to weigh letters and cir 
we believe that this first 
scale should find as many te 
as has the pocket thermometé 
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Photoelectric Relay for Outdoor 
Lighting Control 


Independent “on” and “off adjust 
ments are among features of new Nova 
lux photoelectric relay tor control of out 
door lighting now available from the 
General Electric Co. This new relay, de 
signated as the CR7505-]16, can be set 
to switch off at a lower intensity in the 
morning than that at which it turns on 
in the evening. This independent idjust 
ment is accomplished by means of two 
potentiometer resistors and a time sv itch, 
the latter transferring control from one 
potentiometer resistor to the other at 





ipproximately noon and midnight. The 





relay can be set to ae either fo the two phenome ppoenar at thre rie 
. turning on or turning off, at anv inten - th a a : +] Wastes 
A-c. Magnetic Contactors paiva Riggs Cine: n BEEON to switching he cev! 

sity between 0.1 and 10 footeandles. ‘Two ilso amplifies. Contre tre provided for 

Ir st month’s issue (page 315) an phototul i ih parallel behind a larger idjusting Pls ‘in of the amplifier na 

ve full description of the new window, instead of only one, provide this foe varvine the speed of itchit Phe 

Line-Are” d-c. contactors appeared. An extended sensitivity range. ‘Tools are not unit is supplied ready for use on PLO. 120 
e with similar features is now an volts 60 evele ac 


d by The Electric Controller & 

Mfg. Co. Known as the EC&M Type 
LTZ Line-Are Contactors, these units are 
f light-weight, quick-moving aluminum 





oy construction said to provide an en Internal-combustion Engine 


rely new standard of high-speed opera 
\ full-floating, resiliently-mounted 
mature e'iminates hum and chatter 


Combustion Analyzer 


Vnalysc of the ¢ { ( or on 

used by uneven meeting of pole faces, ternal-combustion engine re pute 

shions the slam on closing, and gives paiecnin sean iis en Com 
idded impetus in opening the con piel Sev ee : 

tactor. Bearings are of the “Oilite” self 

bricating type, of self-aligning, spheri 

i design making it easy where required 


bustion Analyzer hicl 


to remount these contactors as part of 
switechboards and similar panels. Single-, 
louble- and triple-pole models are avail 
ble, arranged for terminal connection at 
front or rear of contactor base. 





required tor checking ind adjusting thi 
— a sia ‘ relay. The phototube ; are « nelosed in a 
Mercury Tube Toggle Switch light-tight cover which makes it possibl 


[The Hart Mfg. Co. announces a small for the door of the case to be opened 


mpact switch operated by a noiseless ind the setting to be made readily by 
| i 











ggle which tips a sealed mercury tube, h ind The potentiometer — re sistors ire 
iking and breakine the cireuit by the easily accessible and are provided with 
fow of mercurv. Positive contact is as large indicating knob ind) graduated 
sured; no exposed are is possible ; the dials. Part-night operation ol treet imned for 
itch may be used in moisture- or fume lighting, floodlighting, electric signs, ete., road tests, measures 9 133 ) ind 
den air. It has been designed to meet is accomplished by setting the “off” rider eichs 13 lbs. (slightly more in carrvit 
special requirements of industrial and on the Pani switch to the cle sired time case with sampling tube, ete.). The instru 
ind turning the “off? potentiometer re ment panel of “Model G-90" is illumi 
sistor to the zero point on the dial. The ating) aT hears three indicato1 1) the 
idvantage of photoelectric control for main dial. raduated it fuel-air ratio 
turning on the lighting is retained miaieombusiion = meene' ‘th addition 
WSTALL THis END UP oo ’ explanatory markings, (2) ar imme ter 
> NLGWITS k for adjusting cell filament temper 
DIAMOND h” . . 1 
Mer . . t ind (3) a small chum gage for che 
Electronic C-R.O. Switch ing condition of motor. For ga inal | 
= the thermal-conduetivit method 1 1" 
“Type 10” Klectronic Switch an ployed: » continuou umpli of the « 
nounced by the Allen B. Dumont Lab haust gases passes through one hot-wire 
increases the value of the cathode-ray cell (after passing through mall cen 
oscillograph Vy ye rmitting simultaneous trifu | nthe eparator ile iy 
observation of any two voltage or cur passes through a reference cell of identi 
rent phenomena This device can be used cal construction. Three to five minute 
to inspect ind compare the wave-form is the time required for determinatio 
ind phase of two voltage or current of combustion efficienes Manufaeturer 
from different parts of the same circuit reports endorsement of motor-fue 
uminating engineers to overcome prob or compare the wave-form of a standard nariti 
ems where a_ silent, non exposed are, wave and anv other wave. Thus it is po 
eaVvy duty switch is needed: controlling sible to see the input and output wave 
ighting or motors in oil refineries, grain form and phase displacement of an am 
elevators, chemical and rubber plants plifier, or to apply a timing wave in con Pe eee Pe aoe Oe 
ind other locations where exposed arcing junction with the wave under observa N bE dh calle ann : 
vould be dangerous; also “tpi of its tion The device has no mechanically mov . she ee ne ee 
noiseless operation | in motion picture ing or vibrating parts. It consists of a = a se - ieieieabaia 
sound studios, ete. Non-inductive rat switching tube and two amplifiers, one Electronic Inspection Pe 
ings : 30 amps. at 125 volts, 20 amps. at for each phenomenon ipplied. The Laboratories 
250 volts, a.c. or d.c.; inductive ratings switching tube operates to cut in one am 663 BANGOR BUILDING 
J ° ° CLEVELAND, OHIO 
Of Same medium order. plifier, then the other at such a rate that 
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MANUFACTURERS’ 
NEW LITERATURE 


In this department we list each month the printed 
matter issued by manufacturers. Unless otherwise 
noted, any of the items listed may be secured free 
upon application to the issuing firm. Manufacturers who 
have not yet sent in thelr printed matter are Invited 
to do so. 





C342 Industrial Analyzer. Circular 
A-5000-A describes Model 639 industrial 
analyzer ilso contains a diagram of 
internal connection as well as connec- 
tion diagrams. Weston Electrical In 


strument Corp., Newark, N. J 
(343 Magnetic Chuck Rectifiers, [)u) 


letin 8651, for use with magneti-« 
chucks, illustrates and describes a full 
wave rectifier for obtaining rectified 
a. from 110-volt 60 cycle service, and 
lists 4 sizes covering a range up to 
1800 watts Electric Co., 


Ward Leonard 
Mt. Vernon, N. ¥ 


(344 Surface Illuminator for Opaque 
Specimens, Four-page leaflet D-192 
gives description, illustrations, specifi 
cations and prices of this device 


Zausch & Lomb Optical Co., Rochester, 

C345 New Cathode Ray Oscillograph. 
Type 148 Bulletin lists the exclusive 
features and the specifications of this 
new instrument Allen B DuMont 
Labs Upper Montclair, N 

(346 General Radio Equipment. Th: 
Oct. 1935 issue of this house organ con 
tains several interesting articles 
Shielded Transformers for Impedance 
Bridges; Increased Accuracy with the 
Precision Condenser; and Residual Im- 
pedances in the Precision Condenser 


General Radio Co., 30 State St., Cam 
bridge A, Mass 

C347 Combustion Analyzer. Leaflet 
970 illustrates a portable analyzer for 
floor or road tests on automobiles 
Allen Electric & Equipment Co., Kala- 
mazoo, Mich 

C348 High Frequency HResistance 


Boxes, Circular 322 gives a brief de- 


scription and a-c. characteristics of 
these resistance boxes. Leeds & North- 
rup Co., 4901 Stenton Ave., Philadel- 


phia, Pa 
C349 Cathode-Ray Oscillograph. Bul- 


letin GEA-1768A is devoted to the Type 
HC-10-BI oscillograph. General Elec- 
tric Co., Schenectady, N. Y 


(350 Vibration Counters. A broadside 
illustrates 2 vibration counters for fre- 


quencies between 4 and 100 per second 
one of the instruments is for high- 
tension transmission lines, and. the 
other for machines, vehicles, bridges 
and other steel structures. R. W. Cra- 
mer & Co., Inc., 67 Irving Place, New 
York, N. Y 


C351 Optieal Protractor. Bulletin D- 
231 shows the application of this in- 
strument to a rapid and accurate meth- 
od of measuring ingles Bausch & 
Lomb Optical Co., Rochester, N. Y. 

C352 Db. C. Contactors. File No. 8490 
shows the features of the new Electri« 
D.C. contactor General Electric Co 
Schenectady, N. Y 
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POTENTIOMETER 
SPECIALISTS 
€ 
Pyrometers and Accessories 
Automatic Controls 


for Fuel and 
Electric Furnaces 
Day and Night Plant Service 
Pyrometer Service Co. 


184 Arlington Blvd. 
North Arlington, New Jersey 








Surface Temperatures 
The “Alnor” 









Stationary 

or 

Moving i i 

seoving Combination Pyrocon 
Surfaces Ideal for rolls, molds, 


plates, platens and 
plastic material temper- 
atures. 

Write for bulletin. 


illinois Testing Laboratories, Inc. 
142 W. Austin Ave. Chicago, Illinois 











C353 Morrison Purifying Tube. Four- 


page bulletin describes this tube as 
well as drying and absorbing agents 
E. H. Sargent & Co., 155 E. Superior 


St., Chicago, T11. 

Frequency Oscillator. 4-pag¢ 

folder gives a technical description and 

details of an all-wave a-f. and r-f. os 

cillator. Hickok Electrical Instrument 

Co., 10514 Dupont Ave., Cleveland, Ohio 
C355 Owen Bridge for Magnetic Test- 


ing. Circular 321, brief description of 
this instrument for testing sheet iron 
and steel, Leeds & Northrup Co., 4901 
Stenton Ave., Philadelphia, Pa. 


C356 Sound Level Meter. Single sheet 


illustrating the RA-198 sound level 
meter. Electrical Research Products, 
Inc., 250 West 57th St., New York, N. Y. 


C357 Electric Water Level Gage, Bul- 
letin 35 describes a_ self-contained 
electric water gage developed in co- 
operation with engineers of the United 
States Forest Service. It was developed 
to do the same work as the hook gage 


R. C. Burt Scientific Laboratories, 211 
Clay St., Pasadena, Calif 

C358 Refrigeration Controls. The 
Penn Electric Switch Co., Des Moines, 
Iowa, has just issued a revised and 
condensed catalog covering the prin- 
cipal types and models of their com- 
plete line of commercial, semi-commer- 
cial and domestic replacement refrig 
eration controls. 

C359 Bakelite. The Bakelite Corp., 
River Road, Bound Brook N Js has 
issued a 40-page jubilee edition of its 
house organ, The Bakelite Review, to 
commemorate its 25th Anniversary 


traces the and 


This issue development 
history of the company 

C360 Ortho-Stereo Camera & Stereo- 
scope. Bulletin E-237 describes this 
new camera and stereoscope. Bausch 
& Lomb Optical Co., Rochester, N. Y 

C361 Electrical Instruments, Circulat 
f-1-A, 12 page catalogue, which con- 
tains illustrations and brief descrip 
tions of 57 Weston products. Westor 
Electrical Instrument Corp., Newark, 
N. J 

C362 Flowmeters. Broadside D.M.F.- 
677 illustrates and lists the features of 
Foxboro flowmeters. Foxboro Co., Fox 


boro, Mass 

C263 Statice Pressure or Vacuum Reg- 
ulators and Air Velocity Regulators for 
modern air-conditioning systems, in- 
dustrial drying processes and various 
other applications, are described in 
Bulletin 204 issued by The Powers Reg- 
ulator Co., 2720 Greenview Ave., Chi- 
caZo, 11] 
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American Meter Co. 
B. C. Ames Co. 
Auditorium Hotel 
Bailey Meter Company 
Bakelite Corporation 
Bristol Company Outside 
Brown Instrument Co. 

Chace Valve Co., W. M. 
Chas. J. Clark Blast Meter Co 
Commercial Engineering Labora 
Continental Electric Co. 

Eppley Laboratory, Inc. 
Federal Products Corp. 
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Johansson Gage Div., Ford Motor C 


Kurman Electric Co. 
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Leeds & Northrup Company 
Littelfuse Laboratories 

McDill, Rex D. 
Minneapolis-Honeywell Regulator ‘ 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Powers Regulator Co.....Inside bach 
Precision Resistor Co. 

Pyrometer Service Co. 

Rawson Electrical Instrument Co 
Review of Scientific Instruments 
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Shallcross Mfg. Co. 

Struthers Dunn, Inc. 

Taylor Instrument Companies 


Thwing Albert Instrument Co. 


Trofimov School of Inventive P 


Ward Leonard Electric Co. 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Instrument 
Winslow, Louis J. 


Winslow Engineering Co. 
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A DIRECT-RECORD METHOD OF TIME STUDY 


(Continued from page 321) 


‘able I is an actual example of the subsequent steps 
n the standardization of relatively simple operations. It 
will noted that the time of “Operator No. 12” on 
cut {-h” varied from less than a fifth of a minute to 


han one minute, whereas on cut “n-h” she never 


et( 


more 
ook as much as two-thirds of a minute or as little as 


half a minute in the ten observations made by the time 
nan. It will also be noted that the time study man 
d it unnecessary to time this operator more than 
once on “cut h-h”’ whereas he timed her 22 times on each 
of three other cuts. The factors which made him decide 
when to take one reading and when to take more than 
twenty were inherent in the simplicity or complexity of 
the tasks he studied, or in his previous acquaintance with 
the performance of “Operator No. 12” on a particular 
operation (such as “cut h-h” which he considered to be 
essentially a duplication of a cut of similar shape and 
approximately equal length in another style of garment 
made of the same cloth). 

From even a casual inspection of Figs. 2 and 38 it is 
apparent that the time study man who uses an ascholia 
graph can register overlapping processes—a feat almost 
impossible by the use of a watch. Other advantages have 
made themselves evident: He can keep his eyes constant 
ly on the worker, never missing a single movement. H¢ 
can time phases as short as a single second—another 
feat difficult by the use of a watch. Noting changes in 
work phases is reduced to the simplest terms of human 
behavior, the movement of a single finger. (Simple, sin 
gle movements are always more rapid and more con 
stant.) Most of the labor of making process charts is 
eliminated; the chart is there whether it is needed or not. 
All the advantages of stop watch procedure are still re 
tained. One man will take as many data as five men using 
stop watches, using an instrument costing less than five 
good stop watches, and reducing the labor to less than 
one-tenth of the old method, for records which are more 


precise. 


study 


deem¢ 


AUTOMATIC CONTROL OF PUMPS 


(Continued from page 319) 


results. But frequent clogging of orifice and loss of air 
in the tank have resulted in a demand for a more reliable 
means of control by a pressure actuated instrument. 

In an effort to effect the possible economies of auto 
matic operation, there has recently been developed a con 
troller equipped with an electrical ‘“snubber” which 
eliminates the effects of surges on the controller. It may 
be used in conjunction with time-clock control so set 
that the pumping operation will be carried on during off 
peak hours of power consumption and will also maintain 
a full reservoir up to any predetermined hour. Adjust 
ment may be provided for protection against depletion 
of supply, even during “prohibited” hours, should 
emergency arise. 

The standard controller which is used for single pump 
elevated tank systems has two pressure switches or units 
for low and high levels respectively. Thus it is possibl 
to adjust either unit independently of the other, which 
permits any differential between high and low levels. 

The “snubber” consists of a bimetallic strip, a heating 
coil wound around it and a mercury switch attached to 
its end. Heating the coil causes the bimetallic strip to 
warp, thereby tilting the mercury switch to the “open” 


position; when the strip cools, the mercury switch r 
turns to “closed” position. 

The snubber switch serves the same function as the 
“stop” switch in a push-button station. This is illustrated 
in Fig. 1 which shows how a push-button station is wired 
to an automatic motor starter and how the snubber 
switch and low-level pressure switch of this controller 
serve the same functions as the push-button station, 

Closing the low-pressure switch of the controller cor 
responds to pushing the “start” button. Opening the 
snubber switch produces the same results as pushing the 
“stop” button. When the motor is once started, the 
“start” switch may be dropped; for the same reason the 
low-pressure switch of the controller may be broken 
without affecting the pump. Thus the starting surge 
effects are eliminated from the starting circuit. 

The “stop” circuit cannot open to stop the motor, duc 
to the time delay effect of the snubber. In other words, 
the high-level pressure switch must be closed long 
enough to heat the snubber strip to the point of opening 
the snubber mercury switch. Although the surges mak: 
and break both low- and high-level switch, the contacts 
are momentary and therefore not sufficient to heat the 
snubber. 

As shown in Fig. 2, the high-level pressure switch 
closes when high level is reached and energizes the heat 
ing element of the snubber. Under influence of heat, the 
bi-metallic strip warps and in about fifteen or twenty 
seconds the snubber (“stop”) switch opens and pump 
shuts down. Stopping surges do not affect the controller 
since the snubber switch will remain open for about 
two minutes, which provides enough time for the surges 
to be dissipated; it is necessary for this switch to be 
closed before the pump can start. 
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information 


This MONTHLY guide lists the products of our advertisers; 
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instruments 


the ANNUAL Instru- 


ments Index sent to subscribers lists the products of more than 800 manufacturers. 








AIR METERS 
American Meter Co 
Halley Meter (< 
Bristol (« 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 
ALTIMETERS 
J. P. Friez & Sons, Inc 
General Electric Co 
Taylor Instrument Cos 
ALTITUDE BAROMETER 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
AMMETERS—Indicating 
General Electric Co 
General Radio Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Westinghouse I 
Weston Elec 
Recording 
Bristol Company 
Brown Instrument Co. 
General Electric Co 


& M.Co 
Inst. Corp. 


I Is & Nort! p Co 

Pioneer Instrument Co 

Roller-Smith Cc 

We ' I_& M.Co 
ANEMOMETERS 

Rristol Company 

J. P. Friez & Sons, Inc 

Taylor Instrument Cos 


ANNUNCIATORS 
Autor I t 


ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos 

ASTRONOMICAL 
INSTRUMENTS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp. 


BALANCES 
Roller-Smith Co 
BALANCING MACHINES 
General Electric Co 
BAROMETERS 
Bristol Company 
J. P. Friez & Sons, Inc 
Gaeriner Scientific Corp. 
Taylor Instrument Cos 
BATTERY ELIMIN’RS 
Automatic Electric Co 


BATTERY TESTERS 
Roller-Smith Co 
W n ( & M ¢ 
Weston Elec. Inst Corp 
BEARING TESTERS 
BEATING TESTERS 
Testing Machines, Ine. 
BELLOWS 
Clifford Mfg. Co 
BIMETAL ELEMENTS 
W. M. Chace Valve Co 
BOARDS: INSTRUMENT 
Bailey Meter Co. 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co. 
Westinghouse E.& M.Co 
BOILER METERS 
American Meter Co 
Railev Meter Co 
BRAKETESTING METERS 
Kawson lec. Inst. Co 
BRIDGES, ELECTRICAL 
Capacity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone. Percent 
General Klectrie Co 
General Radio Co 
Leeds & Northrup C 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co. 
CABLE TESTERS 
Leeds & Northrup Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
CALORIMETERS 
American Meter Co 
Jaeriner Scientific Corp 
CAPACITANCE METERS 
General Electric Co. 
General Radio Co 
Lae & Northrup ¢ 
Roller-Smith Co 
Weston Elec. Inst 
CARBON DIOXIDE 
METERS 
Brown Instrument Co. 
Foxboro Co 
Leeds & Northrup Co 
CATHETOMETERS 
Gaertner Scientific Corp. 
CENTER POINTS 
Ford Motor Co 
CHRONOGRAPHS AND 
CHRONOMETERS 
Gaertner Scientific Corp. 
General Electric Co 
General Radio Co 


Corp. 
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LLOCKS—Gage Boara 
Brown Instrument Co. 
Bristol Company 
Foxboro Co 
Pioneer Instrument Co. 

coILS 

Resistance, Inductance, 

Special 
Automatic Electric Ce 
General Elec tric Co 
seeds & Northrup Co 
General Radio Co 
Roller-Smith Co 
Shalicross Mfg. Co 
Ward saan! EK ys eo 
Westinghouse 0 

coIL TESTING. Equi. 

MENTS 


Automatic Electric Co 
General Electric Co 
Kurman Electric Co 
weds & Northrup ¢ 
Koller-Smith Co 
Thwing Instrument Co 
Westinghouse E.& M.Co 
COLORIMETERS 
sSausch & Lomb Opt. Co 
General Electric Co 
Thwing Instrument Co 
COMBUSTION CONTROLS 
—See Controls 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
Automatic Electric Cc 
General Radio Company 
Leeds & Northrup Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Shallcross a Co 
Westing! ..& M.Co 
COMPARATORS 
Gaertner Scientific Corp 
General Electrie Co. 
COMPASSES 
Pioneer Instrument Co 
Taylor Instrument Cos 
CONDENSE RS—Electrical 
Automatic Electric Co 
General Electric Co 
General Radio Co 
Leeds & Northrup Co 
Westinghouse E.& M.Co 
CONDUCTIVITY METERS 
Indicating, Recording, 
Controlling 
Leeds & Northrup Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
CONTOUR MEASURING 
PROJECTOR 
Bausch & Lom Opt. Co 
CONTROLS, AUTOMATIC 
Air Conditioning 


Powers Regulator Cc 
Air Velocity 

Powers Regulator Co 
Combustion 


Bailey Meter Co 
Bristol] Company 
Brown Instrument Co, 


Leeds & Northrup Co 
Pioneer Instrument Co 
Condensation 


Bristol Company 
Taylor Instrument Cos 
Damper 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Leeds & Northrup Co 
Pioneer Instrument Co 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 


Dial 
Automatic Electric Co 
Feed Water 


American Meter Co 
Bailey Meter Co. 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Flow 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos 
Humidity 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Powers Regulator Co 
Taylor Instrument Cos 
Wilbin Instrument Co 


Lighting 
Westinghouse E.& M.Co 
Weston Klec. Inst. Corp 
Liquid Level 
American Meter Co. 
sailey Meter Co 
Bristol Company 


brown Instrument Co 

Foxboro Co 

|. P. Friez & Sons, Inc. 
& Northrup Co 

Pioneer instrument Co. 


Powers Regulator Co 

Taylor Instrument Cos, 
Moisture-content 

’ Regulator Co 


Pressure & Vacuum 
American Meter Co 
tailey Meter Co. 
sristol Company 
srown Instrument Co. 
Continental Elec. Co. 
Foxboro Co 
pees Instrument Co. 

rs Regulator Co 
1 aylo yr bee trument Cos. 

Wilbin Instrument Co. 

yr dasa 
tailey Meter Co 

Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Leeds & Northrup Co 
Taylor Instrument Cos 
Thwing Instrument Co. 
Wilbin Instrument Co. 

Rate- Volume 


American Meter Co. 

Foxboro Co 
Refrigeration 

Bristol Company 


trown Instrument Co. 
J. P. Friez & Sons, Inc. 
Powers Regulator Co 
Taylor Instrument Cos 
Wilbin Instrument Co. 
Specific Gravity 
Sailey Meter Co 
Tachometer 
Bailey Meter Co 
sristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co 
Pioneer Instrument Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Leeds & Northrup Co 
Powers Regulator Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Temperature-Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Ine. 
Leeds & Northrup Co. 
Pioneer Instrument Co. 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Continental Elec. Co. 
Foxboro Co. 
Powers Regulator Co 
Taylor Instrument Cos. 
Vaive—Motor- Operated 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co 
Powers Regulator Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Voltage A. C. 
Ward Leonard Elec. Co. 
COUNTERS—Electric 


Automatic Electric Co 
COUNTERS—Magnetic 
Automatic Electric Co 


Thwing Instrument Co. 
Production 
Automatic 
Revolution 
Automatic Electric Co 
Bristol Company 
Brown Instrument Co. 
Pioneer Instrument Co. 
Stroke 
Bristol Company 


Electric Co 


CUBIC FOOT BOTTLES 
American Meter Co 
CURRENT RECORDERS 
Bristol Company 
General Electric Co 
Leeds & Northrup ¢ 
Roiller-Smith Co 
CYCLE CONTROLLERS 
Bristol Company 
Taylor Instrument Cos. 
CYCLE COUNTERS 
General Radio Co 
Westinghouse E.& M.Co 
SASrees 
Po Re 
DEMAND METERS 
Gas 
Foxboro Co 
Electric: Indicating, Re- 
cording, Printing 
General Electric Co 
Westinghouse E.& M.Co 
DIVIDING MACHINES 
Gaertner Scientific Corp. 
DRAFT GAGES—See Gages 
DYNAMOMETERS 
Genera! Electric Co 


Rawson E lec. Inst. Co 
Leeds & N hrup Co 
Weston Elec. Inst. Corp 
EARTH CURRENT 
METERS 
Leeds & North ( 
Rawson Elec. Inst. Co 


Roller-Smith Co 
ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 
ELECTRONIC METERS 
General Electric Co 
pong ent Co 
Leed ( 
onan lee. Inst Co. 
Westinghouse E.& M.Co 
FAULT FINDERS 
Leeds & N ( 
Roller- Smith Co 
estinghouse E.& M.¢ 
Weston Elec. Inst. Corp 
FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos. 
FLOW METERS 
indicating 
Bailey Meter Co 
Brown Instrument Co 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Indieating & Recording 
American Meter Co. 
Bailey Meter Co 
Brown ‘instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Integrating & Recording 
American Meter Co 
Taylor Instrument Cos. 
FLUE GAS ANALYZERS 
Brown Instrument Co. 
Leeds & Northrup Co. 
FLUXMETERS 
Leeds & Northrup Cc 
Rawson Elec. Inst. Co. 
FREQUENCY METERS 


indicating 
General Electric Co. 
Leeds & Northrup Co. 


Roller-Smith Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company 
General — Co. 
Leeds & No 
Westinghouse E 
Standards 
General Radio Co. 
Leeds & Northrup Co 
FRITTED GLASS 
Fish-Schurman Corp 
FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
J. P. Friez & Sons, Inc. 
Leeds & Northrup Co 
Taylor Tastrument Cos. 
Wilbin Instrument Co. 


GAGES 
Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co. 
Continental Elec. Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Differential Pressure 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 


thrup Co 


& M.Co. 


Drill 


Flow 


Liquid Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 


Foxbero Co. 
J. P. Friez & Sons, Inc. 
Leeds & Northrup Cx 


Pieneer Instrument Co. 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Pressure 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Pressure- Temperature 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Pressure & Vacuum 
3ailey Meter Co 
Bristol Company 
Brown Instrument Co 
Rain 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 
Recording—Distance 
Sailey Meter Co 
Bristol Company 
Brown Instrument Co 


J. P. Friez & Sons, Inc. 

Leeds & Northrup C« 

Pioneer Instrument Co 

Taylor Instrument Cos 
Strain 

General Electric Co 
Vacuum 

Continental Elec. Co 


General Electric Co 
Taylor Instrument Cos 
Volume 
American Meter Co 
Brown Instrument Co 
Foxboro Co 
Wind 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos. 
GAGE BLOCKS 
Ford Motor Co 
GALVANOMETERS 
American Meter Co. 
Brown Instrument Co. 
General Radio Co. 
Leeds & Northrup Cx 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
Mirrors 
Fish-Schurman Corp. 
GAS ANALYTICAL 
ETERS 
Electrical 
Brown Instrument Co. 
Leeds & Northrup Co. 
GAS FLOW INDICATORS 
American Meter Co. 
GAS LEAK INDICATORS 
Taylor Instrument Cos. 
GAS-METERS 
American Meter Co. 
Bailey Meter Co 
Brown Instrufent Co. 
Foxboro Co. 
Dry Test 
American Meter Co. 
West Test 
American Meter Co. 
GOVERNORS 
Pressure 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos. 
Pump 
Bailey Meter Co. 
Taylor Instrument Cos, 
GRAVITOMETERS 
American Meter Co. 
Thwing Instrument Co. 
GROUND DETECTORS 
Roller-Smith Co. 


Weston Elec. Inst. Corp. 
HIGH FREQUENCY 
APPARATUS 


General Radio Co. 
Rawson Elec. Inst. Co 
Roller-Smith Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
indicators 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Westinghouse E. & M.Co. 
Weston Elec. Inst. Corp. 


HYGROMET 
Brown I: 
Foxbor 


aa rte ae a 8 
& 
West ing 
Weston } 
INDICATOR ages 
INDUCTAN( 


General R 


TION AN AIRS 


Weston | i 
INSTRUMENT ANS 
FORMERS 
General El 
Roller-Sr q 


INSULATION TESTING 
EQUIPMENT 


General I 
Leeds & N 
Koller-Sn 
Westing 


INTERFEROMETERS 
Gaertner 8 
aay cise AND hse CHES 

Grn ‘ral R 


LABORATORY APF 'ARATUS 
ee h a ‘ 


LACTOMETERS 
Taylor Instr I 
LENSES 
Bausch & I { ( 4 
LEVELS 
Engineer's, Wye, Precision 
Prism 
Taylor Ins Cos 
LIGHT Sour ES 
Fish-Schurt 
Westin 
LIQUID LEVEL 
RECORDERS 
American Met« 
Bailey Meter ( 
Bristol Compa 
Brown Instru 
ean Cc 
. P. Friez & Sons, Inc 
3 eds & N 
Pioneer Instrument ¢ 
Taylor Instrumer 8 
Westin 
MAGNETIC INSPEC TORS 
peg E lectr 
Leed 
MAGNETIC RELAYS 
J. P. Friez & Sons, Inc 
Kurman Elect 
Roller-Smith ¢ 
Ward Leonard | 
MAGNETOMETERS 
Roller-Smith ¢ 
MANOMETERS 
Bailey Meter ( 
Bristol Compat 
Brown Instrun 
Foxboro ¢ 


MASTER CLOCKS . 


Gaertner Scien Corp 
General Electr 
MEGOHMMETERS 
General Rad 
Roller-Smith ¢ 
Westil 
MEGOHM VOLTMETERS 
Roller-S 
Westin 
Weston Elec. lt rp 
MICROAMMETE! 5 
General Electr 








Rawson | I 4 


Roller-Smith a 








J. P. Friez & Sons, Inc. er bred b Lareny Elec rp 
Taylor Ins Jos. yeneral Electric Co. : at 8 
y Instrument Cos Roller-Smith Go MICROFARADN ERS 
Bausch & Lomb Opt. Co. Shallcross Mfg. Co. — 
Westinghouse E.& M.Co Lex vo eo ‘ 
American Meter Co. Weston Elec. Inst. Corp. - sore - 
Bailey Meter (o. Testing Devices : SA : 
Brown Instrument Co. General Electric Co. MICROMETERS ” } 
Foxboro Co Leeds & Northrup Co Gaertner Scier — 
Taylor Instrument Cos. Westinghouse E.& M.Co Testing Ma 
—, ; 
Precision made Instrument Fuses—Aut 
Voltage, Aircraft, Neon Potential F i 
USeSs dicators. New Type Mounting! Catalog ! n 
LITTELFUSE LABOR ATOR! te 
4250 Lincoin Ave. hicag 
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Siep-Frequency Oscillator 





[he Type 508-A Oscillator is designed for bridge 
ind communication-equipment measurements where 
continuous variation in frequency is not required 

This oscillator furnishes ten frequencies between 
200 and 4,000 cycles with an output of approxi 
nately one-half watt in a 2,000-ohm load. 

The frequency stability is within 1% over con 
siderable periods of time. 

The instrument is ac operated and is available 
in two models: 


Type 508-AM, CABINET MOUNTING, $120.00 
Type 508-AR, FOR RELAY RACK, $120.00 


For Complete Details write for Circular P-63-I 


GENERAL RADIO COMPANY 


Cambridge, Massachusetts 














An 
Ammeter 
On Every 
Motor 


pays for itself 


in a short time 





It shows instantly andconstantly whether motor ts overt 
loaded, underloaded, has bearing friction or is inetficient 


in any way. 


ROLLER-SMITH 3! 14° A. 1} DA 


Send for Catalog J-48 for details 


el ALER-SMITH COMPAN 


Electrical Measuring and Protective Apparatus 
Aue 
MAIN OFFICE Cow WORKS 
2132 Woolworth Bidg., New York Bethlehem, Pa 
SALES AGENCIES IN PRINCIPAL CITIES IN U.S.A. AND CANADA 




















FILAR MICROMETER 


~ , M202g 


This eyepiece micrometer, of 10mm range, 





is intended for use with our measuring micro 
scopes but can be easily fitted to any standard 
microscope for the accurate measurement of 
very short distances. The micrometer head is 
divided into 100 parts and with the usual 
measuring microscope provided with tube 
length adjustment, readings can be made di 
rectly to .0005mm or estimated to .0001mm 

Accurately divided scales can be supplied 
+} 


for calibrating the micrometer in either inches 


or millimeters. Details on request 


The Gaertner Scientific Corp. 


Chicago, Illinois 
U.S. A. 


1211 Wrightwood 
Avenue 





Ordinary Cylindrical 


Grinding and Tapers {_) 
















ARNOLD 


AUTOMATIC 
GRINDING 


For 
Faster Work. 
Greater 


Accuracy 





y 


| 


| 
| 





——— Width Width and 
TYPE GS _Only Diameter 


TYPE W TYPE CW 


Tells the exact size while grinding. Operator can 
crowd the machine to its utmost without fear of 
grinding undersize. Greater accuracy with no waste 
—-greater production. 


W rite for Bulletin D describing different type 


FEDERAL PRODUCTS corP. 


1144 Eddy Street Providence, R 
DETROIT, CHICAGO, MUNCIE, CLEVELAND, NEW YORK 
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MICROSCOPES 
Biological 
Bausch & Lomb Opt. Co. 
Brinell 
Gaertner Scientific Corp. 
Testing Machines, Inc. 
Measuring 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
Metallographic 
Bausch & Lomb Opt. Co. 
Petrographical 
Bausch & Lomb Opt. Co. 
MICROTOMES 
Bausch & Lomb Opt. Co. 
MILLIAMMETERS 
Bristol Company 
General Electric Co. 
Genera! Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
MILLIVOLTMETERS 
Bristo!] Company 
Brown Instrument Co. 
Genera! Electric Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
MIRRORS 
Bausch & Lomb Opt. Co. 
MODULATION METERS 
Genera! Radio Co. 
Westinghouse E.& M.Co. 
Weaton Elec. Inst. Corp. 
MOTION RECORDERS 
Mechanical 
Bristol Company 
Forhoro Co. 
mOTORS 
Special Fractional HP 
Westinghouse E.& M.Co. 
Synchronous 
jeneral Electric Co 
Westinghouse E & WV Co 
Pioneer Instrument Co. 
MOTOR STARTERS 
J. P. Friez & Sons, Inc. 
Roller-Smith Co. 
Ward Leonard Elec. Co. 
Westinghouse EK. & M.Co 
MULTIMETERS 
Rawson Elec. Inst. Co. 
Bhalicross Mfg. Co 
Westinghouse FE. & M.Co 
MULTIPLE PEN 
RECORDERS 
Automatic Electric Co. 
Bristol Company 
Forhoro Co 
MULTIPLIERS 
General Electric Co. 
Roller-Smith Co. 
Westinghouse F.& M Co 
Weston Elec. Inst Corp. 
NOISE MEASURING 
sets 


General Radlo Co. 
Westinehouse E.& M.Co 
OHMMETE RS 
General Electric Co 
Leeds & Northrup Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Westinghouse F.& M.Co 
Weston Elec. Inst. Corp. 
OIL TESTING 
APPARATUS 
J. P. Friez & Sons, Ino 
General Electric Co 
Taylor Instrument Cos, 
Westinghouse E.& M.Co 
OPERATION RECORDERS 
Automatic Electric Co 
I’. Friez & Sons, Inc. 
Roller Smith Co. 
Electrical 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Leeds & Northrup Co. 
Koller-Smith Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
OPTICAL FILTERS 
Fish-Schurman Corp. 
OPTICAL GLASS 
Fish-Schurman Corp. 
OPTICAL PARTS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp 
ORIFICE METERS 
indicating & Recording 
American Meter Co. 
Balley Meter Co 
Brown Instrument Co. 
Forboro Co. 
Taylor Instrument Cos. 
Integrating 
American Meter Co. 
Taylor Instrument Cos. 
ORIFICES, ADJUSTABLE 
American Meter Co. 
Bailey Meter Co. 
OSCILLATORS 
General Radio Co. 
Leeds & Northrup Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
OSCILLOGRAPHS 
General Electric Co. 
General Radio Co. 
Westinghouse B.& M.Co 


Automatic 

General Electric Co. 

Westinghouse E.& M.Co 
Cathode Ray 

General Electric Co. 

Sonennt Radio Co. 

W inghouse Kk. & M.Co. 
PA NTOG RAPHS 

Gaertner Scientific Corp. 
PERISCOPES 

Gaertner Scientific Corp. 
PERMEAMETERS 

General Electric Co. 

Leeds & Northrup Co 
PHOTO-ELECTRIC CELLS 

Continental Elec. Co. 

General Electric Co. 

Kurman Electric Co 

Westinghouse E.& M.Co 

Weston Elec. Inst. Corp. 
PHOTO-ELECTRIC 

COLOR ANALYZERS 

General Electric Co. 

Thwing Instrument Co. 

Westinghouse F.& M.Co 
PHOTOGRAPHIC EXPOS- 

URE METERS 

Westinghouse E.& M.Co. 

Weston Elec. Inst. Corp. 
PHOTOMETERS 

Bausch & Lomb Opt. Co. 

Gaertner Scientific Corp. 

Leeds & Northrup Co. 
PHOTO-MICROGRAPHIC 

EQUIPMENT 

Bausch & Lamb Opt. Co. 
PITOT TUBE METERS 

Brown Instrument Co. 

Foxboro Co. 

J.P. Friez & Sons, Inc. 

Pioneer Instrument Co 
PLANIMETERS 
Automatic Flow Record 

Brown Instrument Co 

Foxboro Co. 

Linear 

Brown Instrument Co. 
Radial 

Bailey Meter Co. 

Bristol Company 

Foxboro Co. 

Square Root 

Foxhoro Co 
PLUGS & JACKS 

Automatic Electric Co 
POLARISCOPES 

Gaertner Scientific Corp 
POSITION RECORDERS 

Brown Instrument Co. 

Bristol Company 

Foxboro Co. 

Taylor Instrument Cos. 
POTENTIOMETERS— 
Indicating 

Bristol Company 

Brown Instrument Co. 

General Electric Co 

Leeds & Northrup Co 

Thwing Instrument Co 

Westinghouse E. & M.Co. 
Recording & Controlling 

Bristol Company 

Brown In-'rument Co. 

Leeds & Northrup Co. 

Thwing Instrument Co. 
POWER FACTOR METERS 

General Flectric Co 

Leeds & Northrup Co. 

Roller-Smith Co. 

Westinghouse E.& M.Co. 

Weston Elec. Inst. Corp 
PRESSURE RECORDERS 

American Meter 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
PRISMS 

Gaertner Scientific Corp. 
PROCESS TIMING & 

SIGNALING IN- 
STRUMENTS 

Automatic Electric Co. 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Leeds & Northrup Co. 

Powers Kegulator Co 

Taylor Instrument Cos. 
PSYCHROMETERS 
Recording 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 

ng 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos 
PYROMETERS 
Optical 

Leeds & Northrup Co 

Pyrometer lustrumenut Co 
Radiation 

Indicating 

Brown Instrument Co 

Leeds & Northrup Co 

Pyrometer Instrument Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Recording 

Brown Instrument Co. 

Pyrometer Instrument Co. 

Taylor Instrument Cos 

Thwing Instrument Co. 
Thermo-electric 

Immersion 

Bristol Company 

Brown Instrument Co. 


Foxboro Co 
Leeds & Northrup Co 
Pyi:umeter lustiumeut Co. 
Roller-Smith Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Indicating 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Leeds & Northrup Co. 
Tayivt instrument Cos. 
Thwing Instrument Co 
Wilbin Instrument Co 
Recording and Controlling 
Bristol Company 
Brown Instrument Co. 
Leeds & Northrup Co. 
Foxvoru Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Surface Contact 
Bristol Company 
Brown Instrument Co. 
Pyrometer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
PYROMETER CALI- 
BRATING SETS 
Bristol Company 
Leeds & Northrup Co 
Thwing Instrument Co. 
RADIATION TUBES 
Leeds & Northrup Co. 
Pyrometer Instrument Co. 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Comnany 
Leeds & Northrup Co. 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp. 
RADIO TEST PANELS 
Shallcross Mfg. Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp 
RADIO TUBE CHECKERS 
Weston Elec. Inst. Corp. 


RECTIFIERS 
Automatic Electric Co 
REGULATORS—See 
Controls 
RELAYS 
A-c. 
Automatic Electric Co 
Electric 


Automatic Electric Co 
J. P. Friez & Sons, Inc. 
General Electric Co. 
Kurman Electric Co. 
Roller-Smith Co 
Ward-Leonard Elec. Co. 
Westinghouse E. & M.Co. 
Weston Elec. Inst. Cerp. 
Light Sensitive 
Kurman Electric Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
Pneumatic 
Powers Regulator Co. 
REMOTE CONTROL 
EQUIPMENT 
Automatic Electric Co. 
REMOTE METERING 
EQUIPMENT 
Automatic Electric Co. 
American Meter Co. 
Bailey Meter Co 
Bristol] Company 
Brown Instrument Co. 
General Flectric Ce. 
Leeds & Northrup Co. 
Pioneer Instrument Co. 
Westinghouse E.& M.Co. 
RESISTORS 
Automatic Electric Co. 
General Radio Co 
Leeds & Northrup Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Ward Leonard Elec. = 
Westinghouse E.& M 
RETICLES 
Fish-Schurman Corp. 
RHEOSTATS 
General Radio Company 
Ward Leonard Elec. Co. 
Westinghouse E.& M.Co. 
SACCHARIMETERS 
Taylor Instrument Cos. 
SCALES 
Gaertner Scientific Corp. 
Basis Weight 
Testing Machines, Inc. 
Thwing Instrument Co. 
Differential 
Thwing Instrument Co. 
SCRIBERS 
Ford Motor Co 
SHUNT METERS 
Bristol Company 
Roller-Smith Co. 
SHUNTS 
General Electric Co. 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
SIGNALING DEVICES— 
Automatic 
Automatic Electric Co. 
Bristol Co 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Ino. 
Leeds & Northrup Co. 
Pioneer Instrument Co. 





Claud 8, 





PYROMETER LEAD WIRE 


Gordon Co., Chicago — Cleveland — Indianapolis 


1 ft. or 50,000 ft. 


from Stock 
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SINE BARS 
Ford Motor Co 
SMOKE ALARMS 
Leeds & Northrup Co. 
Weston Elec. Inst. Corp. 
SPECIAL COILS 
Automatic Electric Co. 
Leeds & Northrup Co. 
Ward Leonard Elec. Co. 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Bristol Company 
Brown Instrument Co. 
J. P. Friez & Sons, Inc. 
General Electric Co. 
General Radio Co. 
Kurman Electric Co. 
Leeds & Northrup Co. 
Pioneer Instrument Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Shalicross Mfg. Co. 
Thwing Instrument Co. 
Westinghouse FE. & M.Co. 
Weston Elec. Inst. Cerp. 
a iy dhe oa 
P. Friez & Sons, Inc. 
Sealer Smith Co 
Thwing Instrument Co. 
SPECTROGRAPHS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPECTROMETERS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co. 
J. P. Fries & Sons. Inc. 
Leeds & Northrup Co. 
Thwing Instrument Co. 
Westinghouse E.& M Co 
SPEED REGULATORS 
Ward Leonard Elec. Co. 
STANDARD CELLS 
Weston Elec. Inst. 
STRAIGHT EDGES 
Ford Motor Co. 
STRAIN GAGES 
General Electric Co. 
STROBOSCOPES 
eral Radio Co. 
Westinghouse E.& M.Co. 
ee RECORDERS 
Friez & Sons, Inc 
Ba & Northrup Co. 
Taylor Instrument Cos. 
SURGE INDICATORS & 
RECORDERS 


Corp 


General Electric Co 
Westinghouse E.& M.Co 

SWITCHES, VACUUM 
Continental Elec. Co. 

SYNCHRONOSCOPES 
Roller-Smith Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 

SYNCHRONIZATION 

RKS 


Electrical 

General Radio Co. 

Leeds & Northrup Co. 
TACHOMETERS 

Bailey Meter Co 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Roller-Smith Co. 

Thwing Instrument Co. 

Westinghouse E. & M.Co. 

Weston Elec. Inst. Corp. 
TACHOSCOPES 

Brown Instrument Co. 
TELEMETERS—See 

Remote Metering 
TELESCOPES 

Bausch & Lomb Opt. Co. 

Gaertner Scientific Corp. 
TESTING MACHINES 

Testing Machines, Inc. 

Thwing Instrument Co. 
Bending 

Testing Machines, Inc. 
Folding Endurance 

Testing Machines, Inc 
Freeness 

Testing Machines, Inc. 
Hardness 
' Testing Machines, Inc. 
m 

Testing Machines, Inc. 
Impact (very light load) 

Testing Machines, Inc. 

Thwing Instrument Co. 
Magnetic 

Kurman Electric Co 

Leeds & Northrup Co 


aper 

Testing Machines, Inc 

Thwing Instrument Co 

Westinghouse E.& M.Co. 
Penetration 

wing Instrument Co 

Stiffness & Bending 

Testing Machines, Inc. 

Thwing Instrument Co. 
Stretch 

Testing Machines, Inc. 

Thwing Instrument Co. 
Tearing 

Testing Machines, Inc. 

Thwing Instrument Co. 
Tensile (very light load) 

Testing Machines, Inc. 

a Instrument Co. 
Univer: 

foes Machines, Inc. 


THERMIONIC RECTI- 
FIERS 


General Electric Co 

Westinghouse E.& M.Co 
THERMO-JUNCTIONS 

(Electric) 

General Radio Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co 

Wilbin Instrument Co 


THERMO-VOLTMETERS, 


AMMETERS 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
THERMOMETERS 

Bailey Meter Co 

Bristol Company 

Brown Instrument Co. 

J. P. Friez & Sons, Inc. 

ae Instrument Cos. 
Gas Filled 

Foxboro Co 

Taylor Instrument Cos 
Mechanical 

Brown Instrument Co. 

Foxboro Co 

Powers Regulator Co. 
Mercurial 

Bristol Company 

J. P. Friez & Sens, Inc. 

Taylor Instrument Cos 
Resistance 

Brown Instrument Co. 

Foxboro Co. 

Leeds & Northrup Co 

Thwing Instrument Co 

Westinghouse E.& M.Co 
Vapor-Tension 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Powers Regulator Co 

Taylor Instrument Cos. 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

J. P. Friez & Sons, Inc. 

Leeds & Northrup Co 

Taylor Instrument Cos. 

Thwing Instrument Co. 
THERMOSTATS 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

J. P. Friez & Sons, Inc. 

Powers Regulator Co. 

Taylor Instrument Cos. 

Wilbin Instrument Co 


THERMOSTATIC BELLOWS 


Clifford Mfg. Co. 
THERMOSTATIC 
BIMETAL 
W. M. Chace Valve Co. 
TIME METERS 
General Electric Co 
Leeds & Northrup Co 
Westinghouse E. & M.Co 
Weston Elec. Inst. Corp 
TIME OPERATION 
RECORDERS 
Automatic Electric Co. 
Bristol Company 
Foxboro Co 
J. P. Friez & Sons, Inc. 
TIME RECORDERS 
Automatic Electric Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Gaertner Scientific Corp 
TIME SWITCHES 
Genera! Electric Co. 
Westinghouse E.& M.Co. 
TIMERS 
yeneral Electric Co. 
Leeds & Northrup Co 
Rawson Elec. Inst. Co. 
TOTALIZING 
INSTRUMENTS 
American Meter Co 
General Electric Co 
Westinghouse E.& M.Co 
TOTALIZING RELAYS 
Electric 
General Electric Co 
Leeds & Northrup Co 
TRAM POINTS 
Ford Motor Co. 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co. 
Leeds & Northrup Co. 
TRANSFORMERS 
(instrument) 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp 
TRANSITS 
Pocket 
Taylor Instrument Cos. 
TRANSMITTANCY 
INDICATORS 
Westinghouse E.& M.Co 
TUNING FORKS— 
Electrically Driven 
Gaertner Scientific Corp. 
General Electric Co. 
General Radio Co 
Leeds & Northrup Co. 
TURBIDIMETERS 
Bausch & Lomb Opt. Co. 
U-TUBE MANOMETERS 
Bailey Meter Co. 
Brown Instrument Co. 
Taylor Instrument Cos. 
VACUUM RECORDERS 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
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VALVES» 


Taylor Ir 
Wilbin | 
Back Pressu 
American 
Balanced 
Bailey Me 
Brown Inst 
Foxboro ¢ 
Powers R 
Taylor Inst 
Blow-off 
American M 
Diaphragm 
Bristol Con 
Foxboro ( 
Powers Reg 
Taylor Instr 
Differential 
American Mete 
Electrically Operated 
Bristol Compa 
Brown Instrument Co 
J. P. Friez & 8, Ine 
General Electric Co 
Leeds & N ( 
Taylor Instrun Coa 
Wilbin Instrument Co 
Mixing 
Powers Regula ( 
Motor Operated 


Bristol Co 

J. P. Friez & Sons, Ine 

Leeds & Nor ( 

Wilbin Instrument Co 
Pilot 


Powers Regu 
Pressure Relief 
American Meter 
Powers Regulator ( 
Proportional Air-Gas 
American Meter Co 


Reducing 
Bailey Meter Co 
Powers Regulator ¢ 
Taylor Instrument Cos 
Regulating 


American Meter Co 
Bailey Meter Cx 


Bristol Co 

Brown Instrument Co 
Foxboro Co 

J. P. Fries & Sons, Inc 
Leeds & Northrup ¢ 

Powers Regulator ¢ 

Taylor Instrument Cos 
Wilbin Instrument Co 4 


VENTURI METERS 
Bailey Meter Co 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 

VISCOSIMETERS 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 

VOLTAGE DIVIDERS 
General Radio Co 
Ward Leonard Elec. Co. 

VOLT-AMMETERS 
General Electric Co 
Roller-Smith Co 
Westinghouse E.& M.Co 


Weston Elec. Inst. Corp. ¥ 
VOLTMETERS 
Electrostatic ; 
General Electric Co j 
Rawson Elec. Inst. Co a 


Roller-Smith Co 

Westinghouse E.& M.Ce 
Indicating 

General Electric Co 

General Radio Co 

Rawson Elec. Inst. Co 

Roller-Smith Co ; 

Westinghouse FE. & M.Co 

Weston Elec. Inst. Corp 
Recording 

Bristol Company 

General Electric ¢ ; 

Leeds & Northr aq 


Roller-Smith ¢ 
Westinghouse & M.Uo 


Thermionic Rectific 
General Radio ( 
WATER METERS 
Bailey Meter ¢ 
Brown Instrumet 

Foxboro (« 
WATTHOUR METERS 4 
General Electr a 
Westinghouse 
WATTMETERS 
Indicating 
General Electr! 
Rawson Elec 
Roller-Smith | 
Westinghouse 
Weston Elec 
Recording 
Bristol Com; 
General Electr 
Roller-Smitt 


Westinghouse {.Co 
WAVEMETERS 
General Rar 
X-RAY SPECT TERE 
Bausch & I4 pe 
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RELAYS 


that may be operated by 








LIGHT....PRESSURE 
TIME or TEMPERATURE 


Ward Leonard engineers will gladly work out adapta 
tions for control by light, time, temperature or pressure as 
well as for manual operation. Ward Leonard produces 
relays for the most sensitive photo electric controls, for 
intermediate service and for really heavy duty work. All 
Ward Leonard Relays are dependable and include the 
latest features of proven merit. You want to know more 


about them. 


Descriptive Bulletins 
Sensitive Relays Bulletin No. 251 


Light Duty Relays LB 


Intermediate Duty Relays Bulletir 
Heavy Duty Rélays Bulletin } 
Time-delay Relays Bulletis 
Contactors AC & DC Bulletins 1901-4401 





Send for Bulletins of interest to you 


WARD LEONARD 


RELAYS » RESISTORS » RHEOSTATS 


WARD LEONARD ELECTRIC CO. 
38 South St., Mount Vernon, New York 


Please send me Bulletins Nos 
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I hermostatic BIMETAL 


-IN THE 


MERCOID 
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CORPORATION 





With the slightest change in 
temperature, highly sensitive 
Chace Thermostatic Bimetal 
units move to make or break 
electric contact, thus auto- 
matically setting to action 
such other mechanism as 
results in room temperatures 
exactly to our liking. 

If control of temperature is 


CHACE your problem or if you wish 
to have temperature changes 
THER M 0 sTAT|[ perform automatic duties we 
suggest that you investigate 

BIMETAL Chace Thermostatic Bimetal. 


9 Bends with the eat Sold in Sheets, Strips or 
Formed to Specifications. 


W.M.CHACE VALVE CO. 


1609 Beard Avenue + + + Detroit Mich 
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We specialize on commercial 
type of equipment for water 
heaters, ranges, ovens, incuba 
tors, etc. IMMERSION | 


> . RMOSTAT) 
You will find the design the cs poe 
SURFACE very last word in simplicity 


AQUASTAT The workmanship and adjust 


= 


ment that of skilled artisans 
who are proud of their work 


deliveries are usually prompt. 


‘t us know vour wants and 
La . : n= MERCURY 


we will do our best to satisfy 


I ) you. 
Send for our interesting Bul 
letins on Thermostats. 


mada STRUTHERS DUNN, INC. 


lanujacturing Specralists THERMOSTAT 
Control Equipment) 


125 WN. Juniper St., Philadelphia, 
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This is the Certificate of Inspection you will 
receive. It shows the accuracy of each block 
with the wear indicated in millionths of an OF 


inch. The cost for this service is very nomi- 

nal—only 20 cents for blocks Linch long, : 1 

for eed blocks 20 ad “" per sich alkene PR ECISION 
OHANSSON " 


GAGE BLOCKS and ACCESSORIES 


Manufactured, sold and serviced in 
the United States and Canada by 


FORD MOTOR COMPANY REL 


Johansson Division Dearborn, Michigan 
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Pneumatic or Self Operated Mit] 
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Will Give the Results You Want ~~. 
at the Lowest Cost? rp 





liga | 
WITH a complete line of BOTH types of controls, Vie 
some of which are shown here, we are able to offer ee | 
for very close regulation, air operated controls; and “ - 


for control problems not requiring extreme accuracy 
we have self operated regulators. 

Before you buy either type of control, investigate 
the possibility of getting reliable regulation and of 
saving money with a Powers self operated regulator. 
Some of their many advantages are: 





Low first cost, simplicity and durability, 
lower operating and maintenance cost, easy 
installation, ability to withstand vibration and 
usage which might interfere with the perform- 
ance of more delicate and extremely accurate 
controls—these are some of the reasons which 
make Powers self operated regulators econo- 
mical wherever they can be used. 





With 45 years of experience in furnishing and 


mostatic Mixing Valves installing temperature and humidity control for every 


ities 1, to 2650 Gal. perMin. — conceivable purpose, we have gained a wealth of 








experience from which you can draw in selecting 
the proper type of control for any purpose. 


@ The Powers Regulator Co., Offices in 43 Cities — See 
your phone directory. 2720 Greenview Ave., Chicago — 
231 East 46th St., New York — 1808 West 8th St., Los 
Angeles — 105 Lombard St., Toronto, Ontario, Canada. 
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WITH a complete line of BOTH types of controls, i = 
’ | 
some of which are shown here, we are able to offer rts 
i 


for very close regulation, air operated controls; and 
for control problems not requiring extreme accuracy 
we have self operated regulators. 

Before you buy either type of control, investigate 
the possibility of getting reliable regulation and of 
saving money with a Powers self operated regulator. 
Some of their many advantages are: 





Low first cost, simplicity and durability, 
lower operating and maintenance cost, easy 
installation, ability to withstand vibration and 
usage which might interfere with the perform- 
ance of more delicate and extremely accurate 
controls—these are some of the reasons which 
make Powers self operated regulators econo- 
mical wherever they can be used. 
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With 45 years of experience in furnishing and =? 

mestatic Mixing Vaives installing temperatute and humidity control for every | = 
uities 1 to 2650 Gal. per Min. conceivable purpose, we have gained a wealth of a ; 


experience from which you can draw in selecting 
the proper type of control for any purpose. 


@ The Powers Regulator Co., Offices in 43 Cities — See 
your phone directory. 2720 Greenview Ave., Chicago — 
231 East 46th St., New York — 1808 West 8th St., Los 
Angeles — 105 Lombard St., Toronto, Ontario, Canada. 
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Industry Acelaims this fine pyromete 











Ce peice. -s ie hatomcin ntsc 


Built by the pioneer makers of Pyrometers, 
this latest Bristol’s sets a new standard 


There are many features which merit careful apprecia- 


. ° . . . tion. Besides the unusually wide strip chart, “far vision” 
in potentiometer design and craftsmanship a Ue ae 

. ' : indicating scale, heavy duty galvanometer, duplex slide 
Only a mere month or so has elapsed since this new Bristol's wire, these are fully described in Catalog 1450 mailed on 
Wide-Strip Pyrometer was first announced at the Chicago request. Write for a copy. 


National Metal Congress in October. Yet according to the 





ever-increasing number of enthusiastic reports that are com- 
ing in, it is the finest pyrometer ever presented to industry! 
\gain Bristol design and craftsmanship have triumphed! 
The use of a new principle in the balancing mechanism 
permits even the smallest deflections of the galvanometer 
to be measured and recorded. The pen responds promptly. 
Balance is quickly restored. Changing temperatures are 
speedily and accurately charted. Thanks to the elimination 
of back lash, lost motion, irregularities and the uncertain- 
ties unavoidable with friction wheels, ratchets and the like, 








this Bristol’s sets a new standard in simplicity. 
THE BER PS. OL COMPANY . WATERBURY . CONNECTI‘§ 


Branch Offices in Principal Cities. Canada: The Bristol Co, of Canada, Ltd., Toronto. England: Bristol’s Instrument Co., Ltd., Londo 
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TRACE MARK REG. U.S, PAT. OFF 


VWViDE-8 TR i? POTENTIOMETER PYROMET 





